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HYROTROPIN assays have been based either the secondary 

effects due the increased activity the stimulated thyroids 
one more the specific effects induced the thyroid gland the TSH 
stimulation the glandular secretory mechanism. The former assays have 
been predominantly based the accelerated metamorphosis the 
amphibian larvae (Cuyler al., 1936; D’Angelo and Gordon, 1950), while 
the latter assays have been based the increase thyroid weight 
(Rowlands and Parkes, 1934; Smelser, 1938; Bergman and Turner, 1939), 
the increase acinar cell height (Starr and Rawson, 1937; Rawson 
and Salter, 1940; Adams, 1942), the appearance 
response (Jorgensen and Wade, 1941; Ciereszko, 1945), the increase 
the intracellular colloid droplets the thyroid gland (Dvoskin, 1947) 
and the decrease the thyroid iodine content (Stimmel al., 1936; 
Cuyler al., 1936). Excellent reviews the existing thyrotropin assay 
methods have been included the articles White (1944), Adams and 
Beeman (1946) and Albert (1949). 

The method presented this paper based the depletion iodine 
the thyroids chicks. dependent the comparison the responses 
obtained from TSH preparations unknown potencies with the responses 
elicited levels standard TSH preparation run concomitantly. 


MATERIALS AND METHODS 


White Leghorn cockerels (from several midwest hatcheries) days age, averaging 
gm. body weight were utilized. These chicks, kept brooder fairly 


Received for publication August 1952. 
Deceased. 


489 


490 PIOTROWSKI, STEELMAN AND KOCH Volume 


constant temperature, were maintained commercial chick starter mash (Purina). 

Three different kinds materials were used reference TSH standards the three 
stages assay development. Initially, beef anterior pituitary acetone powder, BAP #1, 
was used. This was then superceded 2R3 with assumed TSH potency 100%. 
was partially purified TSH obtained alkaline-alcohol fractionation beef 
anterior pituitary acetone powder. Its hormonal contaminants included ACTH (.06 
I.U. per mg. the ascorbic acid depletion method), gonadotropin (approximately 
Collip units per mg.), growth hormone (approximately 15% pure beef growth hormone 
the day weight gain method hypophysectomized rats), oxytocin (.03 U.S.P. 
units per mg.) and pressor (less than 0.03 U.S.P. units per mg.). Finally the U.S.P. 
Reference Thyrotropin replaced 2R3 the standard. One U.S.P. thyrotropin unit 
that amount thyrotropin activity contained mg. the U.S.P. Reference Sub- 
stance; terms activity, 2.70 mg. 2R3 equivalent one U.S.P. unit. 

The samples containing unknown amounts thyrotropin included 317-51 which 
was used the preparation the U.S.P. Thyrotropin Reference Substance, various 
TSH fractions, clinical FSH, ACTH, and growth fractions indicated below. 

Upon arrival, chicks were individually marked with colored dyes, randomly 
distributed into ten groups approximately equal size and injected subcutaneously 
with 0.2 ml. appropriate solution. The groups consisted control group injected 
with saline, 2-3 groups treated with 2-3 levels the standard TSH BAP (2R3 
Thyrotropin Reference Substance) and several groups treated with thyrotropin 
fractions unknown potencies levels each). The TSH samples were dissolved 
saline approximately 7.5 with the aid 0.1 NaOH and stored deep freeze 
between injections. 

The chicks were injected once daily for three days. the fourth day, food was 
withheld very early the morning. Twenty-four hours after the last injection, the 
chicks were killed with ether. The thyroids were carefully dissected out, described 
Cope (1938), rapidly weighed the nearest 0.1 mg. Roller-Smith torsion balance 
and placed vials containing redistilled 95% ethanol. One two pairs these thy- 
roids were stored each vial that each group had ten vials for ten iodine determina- 
tions. The thyroids were then assayed for the total iodine content according the 
method Walaszek-Piotrowski and Koch (1952), the results being calculated micro- 
grams iodine per milligram wet thyroid tissue. 

The iodine responses elicited the thyroids the chicks injected with the TSH 
samples unknown potencies were compared with the responses the chicks treated 
with the reference TSH. Potency ratios and standard errors were calculated means 
the Irwin log dose method (1937). The potencies were reported percentages 
TSH activity standard 2R3 U.S.P. units TSH per mg. sample. 


RESULTS 


the initial source thyrotropin, beef anterior pituitary acetone 
powder, BAP #1, was utilized. For injection purposes, was triturated 
with saline, brought volume containing mg. total solids per 
ml., extracted 7.5 for four hours with constant stirring room 
temperature and centrifuged. The resultant supernatant containing mg. 
total protein per ml. was then used reference standard for the assay 
TSH. The doses 1.1, 2.2 and 4.5 mg. BAP gave graduated de- 
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crease thyroid iodine such that, when the responses (ug. iodine per mg. 
thyroid) were plotted against the log doses, straight line resulted. When 
the dosage this pituitary standard TSH was extended include 
mg. BAP #1, the iodine responses tended plateau while the thyroid 
weight responses did not (see Fig. 1). Consequently, 1.1, 2.2 and 4.5 mg. 
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Depletion thyroidal iodine and increase thyroid weight with acetone 
powder beef anterior pituitary 


BAP were used standard reference dose, and the thyroid iodine 
responses were used the basis for TSH assay calculation. 

the fractionation thyrotropin from beef anterior pituitary acetone 
powder proceeded, large quantity purer TSH fraction, 2R3, was ob- 
tained. assayed 2100+600% BAP and since was only slightly 
contaminated with other pituitary hormones, replaced BAP the 
reference standard. total dose ug. this TSH fraction gave 
30-50% decrease thyroid iodine usually without any thyroid weight 
response. The total doses finally utilized were and 100 ug. 
samples tested were various thyrotropin preparations with the exception 
K45408R, clinical FSH sample. 

final step this assay development, Thyrotropin Refer- 
ence Substance replaced the 2R3 the reference standard. For purposes 
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TABLE TSH assay No. 165 


TSH 


Standard 2R3 TSH #3 243RW K45408-R. 317-51 U.S.P. TSH 
0.040 mg. 0.080 mg. 0.160 mg. 0.080 mg. 0.080 mg. 0.530 mg. 0.032 mg. 0.016 u. 0.032 u. 
Average Thyroid Weight (mg.) 
3.2 3.2 3.2 3.7 3.4 3.7 3.8 3.2 3.5 3.5 | 
£ 15* 15* 13* 15* 15* 15* 15* | 


Thyroid Iodine Content (ug. I/mg. thyroid) 


1.64 1.43 1.12 0.58 1.28 0.95 0.63 1.01 1.39 0.90 C 
1.33 1.38 0.88 0.44 1.03 0.76 0.52 0.98 1.18 0.81 7 
1.21 1.17 0.81 0.44 0.82 0.66 0.44 0.93 1.16 0.66 ; 
1.20 0.92 0.73 0.42 0.71 0.60 0.38 0.57 0.97 0.61 7 
0.97 0.83 0.68 0.41 0.63 0.41 0.35 0.54 0.91 0.60 

0.91 0.80 0.57 0.34 0.61 0.40 0.33 0.51 0.69 0.42 

0.88 0.74 0.49 0.32 0.57 0.39 0.32 0.48 0.54 0.41 

0.81 0.73 0.44 0.31 0.54 0.35 0.22 0.40 0.41 0.28 

0.77 0.68 0.39 0.17 0.40 0.32 0.21 0.37 0.27 

0.7 0.60 0.23 0.36 0.25 0.15 0.34 

1.04 0.93 0.63 0.38 0.70 0.51 0.36 0.61 0 


-91 0.55 


* Subscripts indicate number of animals per group. 2 
Using Irwin's log dose method for calculation of TSH potencies, the results are: 


assay, the doses 0.0125, 0.025, and 0.050 units TSH have 
been used (these are approximately equivalent ug., and 160 
thyrotropin sample 2R3). The 0.025 unit dose decreased the iodine 
contant the chick thyroids 30-60% without usually affecting the thy- 
roid weight. 

DISCUSSION 


Cockerels other than the White Leghorns used were tested for their 
sensitivity TSH but were found unsuitable. The normal guinea 
pig and hypophysectomized rat were found very much inferior 
the two day old White Leghorn cockerel. The guinea pig was found 
especially insensitive TSH 2.0 mg. TSH #2R3 gave decrease 
thyroid iodine and only 35% increase the mean thyroid weight. the 
other hand, dose 2.0 mg. TSH #2R3 the hypophysectomized rat 
caused mean 18% decrease thyroid iodine compared hypophysec- 
tomized controls and increase thyroid weight. 

The White Leghorn cockereles have been found, thus far, the only 
breed chicks very sensitive thyrotropin. However, there were periods 
variation their sensitivity TSH. These chicks seemed most 
sensitive June and August, and least April, November and December. 
avoid variations responses, routine injecting twice daily for 
three days was studied, but this resulted responses different than the 
one injection per day routine. This could explained readily because 
the prolonged action TSH the thyroid (see Table 2), the effect being 
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apparent hours after single injection TSH. one dose assay was 
then studied. One hundred chicks were injected once subcutaneously with 
0.2 ml. solution, autopsied two days later, and the thyroid iodine determi- 
nations were performed described above. The responses were poor. 
There was 12% decrease iodine the level 2R3, 40% 
decrease the level and only 54% decrease the 3.2 mg. level. 
Finally the thyroid weight response method was investigated and resulted 
poorly graded, variable responses graded TSH doses (0.4 gm. 3.2 
mg.). Consequently, the TSH preparations, this laboratory, have been 
assayed using the iodine depletion the thyroids two day old White 
Leghorn cockerels described above. 


TABLE THYROID IODINE CHICKS INJECTED ONCE WITH MG. 2R3 
AND AUTOPSIED VARIOUS INTERVALS 


Hours after Number Average thyroid Average* thyroid 
injection chicks weight, mg. iodine, y/mg. 
3.6 2.26 
0.5 3.4 2.39 
3.8 2.25 
1.96 
4.7 
4.3 1.65 
4.3 1.59 
3.4 1.46 
3.3 1.41 
3.9 2.20 


(Control) 


One determination the pool all the thyroids one group. 


note whether the thyrotropin potencies obtained this method 
were duplicable, two samples TSH #317-51 and TSH were subjected 
several TSH assays over period several months using the chicks 
from one source (Berry’s Hatchery, These two TSH fractions 
were different degrees purity and activity; TSH was by-product 
TSH fractionation while was used the preparation the 
U.S.P. Thyrotropin Reference Substance. The results are shown Table 
The weighted mean standard errors obtained were 14.5% for TSH 
and for 317-51. 

note the TSH contamination other pituitary products could 
detected this method, series crude and potent hormonal fractions 
(other than TSH) were assayed. The results obtained (see Table indi- 
cated that this assay method was very sensitive and could detect TSH 


contamination anterior pituitary hormonal fractions levels low 
0.3% 2R3. 
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TABLE THYROTROPIN ASSAY RESULTS TSH 


Levels 


TSH potency 


Assay Reference 

No. standard per assay 2R3 U.S.P. u./mg.* 

162 2R3 +43 
165 2R3 +20 
166 2R3 103 +26 

Weighted Mean 

317-51 149 2R3 270+ 1.0+0.3 
150 2R3 350 +140 
154 2R3 220+ 0.8+0.1 
165 2R3 280+ 1.2+0.3 
166 2R3 250+ 1.0+0.2 
167 2R3 340+ 1.4 

ISP 0.6+0.2 

172 USP 0.9+0.3 
173 USP 1.6+0.2 
174 USP 1.4+0.2 

Weighted Mean 242+ 1.1+0.06 


2R3 contains 0.37 U.S.P. units per milligram. 


TSH SOME PITUITARY SUBSTANCES 


Sample 
Fresh beef anterior pituitary 
Beef anterior pituitary, acetone powder 


Sheep pituitary, acetone powder 
Fresh hog pituitary 
Hypothalamic extract 


Prolactin, 
LH, 
FSH, 


Growth hormone 


ACTH 


standard TSH 2R3 


0.8+0.1 
5.0+0.2 
1.0+0.4 

0.3+0.1 


Contained International units prolactin per mg. 


Assayed Collip units per mg. 


Assayed approximately 250 Collip units per mg. 
Armour’s growth hormone standard having potency 100%. 
Assayed 1.8 International units ACTH per mg. 


SUMMARY 


thyrotropin assay method based the depletion thyroid iodine 
has been developed which dependent comparison (by means the 
log dose method Irwin) responses obtained from unknown TSH 
preparations run one two levels the responses obtained from two 
three levels standard thyrotropin preparation. The two level assays 
gave TSH potencies with standard error approximately 25%. 
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CORRELATION PREPARATIVE HISTORY AND 
METHOD ASSAY CORTICOTROPIN 
WITH CLINICAL POTENCY 


Research Department, The Armour Laboratories, Chicago, 


INTRODUCTION 


well known that different ACTH assay methods give different 

results, but the reasons for this have not been fully elucidated. 

(1952) has pointed out the discrepancies evaluation ACTH 
activity different assay methods, which include the adrenal ascorbic 
acid depletion test Sayers al. (1948), the adrenal weight maintenance, 
and the hypertrophy and repair tests. Reinhardt al. (1951) have empha- 
sized the importance applying several assay methods the study 
various ACTH preparations and the importance absorption rates 
assay methods. Discrepancies potency estimates the various assay 
means have also been noted Young al. (1951), Dixon al. (1951) 
and Moyer al. (1952). From the evidence presented there has fre- 
quently risen the postulate two factors, one which effects adrenal 
weight, and the second depletion adrenal ascorbic acid. 

Bruce, Parkes and Perry (1952) have studied the thymus involution 
response nestling rats ACTH and elaborated assay niethod based 
upon this criterion activity. Their method utilized litter-mate nestling 
rats, three daily injections ACTH suspended oil-beeswax medium, 
and autopsy obtain thymus weight twenty-four hours after the last 
injection. 

comparing the results assay methods involving thymus adrenal 
weight with the results obtained the Sayers technique must borne 
mind that the Sayers method utilizes intravenous injection test doses 
while most other methods utilize subcutaneous intramuscular injection. 

There has been little clarification the relative importance routes 
administration when different results have been obtained different 
methods assay. addition, the variable results obtained the several 
methods assay have not been correlated with clinical activity. 


abstract the preliminary phase these studies was reported Fisher 
and Thompson (1952). 
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MATERIALS AND METHODS 


experimental, purified ACTH 16% gelatin standard was prepared for subcu- 
taneous assay purposes. The term denotes preparations adsorbed and eluted 
from cellulose methods originating our laboratory and the method described 
Astwood al. (1951). This standard was prepared mixing equal unitage from each 
three lots purified ACTH gelatin. These lots had been clinically assayed sev- 
eral investigators and each was found two four times potent terms 
intravenously assayed International Units other ACTH preparations gelatin when 
administered subcutaneously intramuscularly. the basis the assays each 
lot the intravenous method, and the basis intravenous assay the finished 
mixture, the experimental standard contained 1.u./ec. The standard has been 
stored frozen small aliquots with indication potency change over period 
months. 

All test solutions contained the required dose ACTH 16% partially hydrolyzed 
U.S.P. gelatin (gel point about 23° C.) containing 0.5% phenol. All test samples 
given experiment were diluted with the same lot gelatin. 

The ACTH preparations used for all experiments reported (except when specified) 
this study were derived from hog pituitary glands and were assayed terms 
standard error 10% less the method Munson al. (1948) using 
hypophysectomized rats. All doses experiments were given terms 

The ACTH preparations referred crude have activities less than 
contrasted the purified preparations, isolated several different adsorption 
procedures, with activities between Preparations referred Type 
forms are those which have been subjected limited conditions during the 
process isolation and the Type and III forms are those subjected more rigorous 
treatment, pepsin and pepsin plus acid, respectively. Types and III are 
differentiated from Type that the latter form has not been exposed hydrolytic 
conditions. 

The test animal all cases was the Sprague-Dawley strain rat. Intact and hy- 
pophysectomized animals various ages were used specified within each experi- 
mental design. 

When adrenal acid depletion was utilized the end response following sub- 
cutaneous injection, individual groups animals were sacrificed suitable intervals 
after injection obtain either time response pattern response specified time 
after administration the hormone. 

Preliminary experiments indicated that ACTH preparations prepared different 
procedures were different relative potency when assayed the intravenous technique 
compared the subcutaneous technique employing either aqueous gelatin 
medium. Utilizing gelatin medium, greater response was obtained with relatively 
slight effect the time pattern. gelatin medium was employed throughout the follow- 
ing experiments because the magnification effect which could obtained and be- 
standardization ACTH gelatin was primary problem. 

All adrenal weight and thymus weight experiments reported the present study 
involved the injection 0.5 test solution twice day (9:00 a.m. and 4:00 p.m.) for 
three days, and autopsy the forenoon the fourth day. 


THOMPSON AND FISHER 


Volume 


RESULTS 


Figure illustrates the results comparison the adrenal ascorbic 
acid depleting activity crude Type and crude Type ACTH 
saline, and gelatin, after subcutaneous injection 1.0 Each 
point the graph represents the average response four rats. may 
seen that gelatin medium produces marked increase the response 
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MCG./ MG. 
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@Q 


ADRENAL ASCORBIC ACID, 


HOURS AFTER INJECTION 


Adrenal ascorbic acid response versus time after subcutaneous injection 
two ACTH preparations aqueous saline gelatin vehicle. Each rat received 1.0 
0.5 Each point the mean response value from four hypophysectomized rats. 


both types preparations. However, the effect the response Type 
ACTH appears considerably greater. 

order determine the relative importance compared 
with “preparative obtaining higher subcutaneous potency 
gelatin medium, the method was converted quantitative design and 
several suitable ACTH samples were assayed comparison with each 
other. Figure illustrates graphically the results such experiment. 
Rats were sacrificed and hours after injection for determination 


498 
\\ pe 
\ 


May, CORRELATION ACTH ASSAYS 499 


adrenal ascorbic acid. Since there was significant difference between the 
and 4-hour response, these values were combined produce the results 
illustrated Figure Each point then represents the average response 
rats. 

Figure the ACTH sample identified ‘‘Purified ACTH-247 
(Type I)” assayed and the sample identified 
ACTH (Type assayed 1.7 When these samples 16% 


o 4 

a 

2 


2.4 
LOG 1000 TOTAL PER RAT 


TOTAL DOSE, PER RAT 


Assay several ACTH preparations subcutaneously administered and 
measuring adrenal acid depletion hypophysectomized rats—eight rats per 
point—three hour response. 


gelatin medium were assayed clinically intramuscular injection 
son, 1952) the ACTH-247 (Type I)” was found two 
four times potent the ACTH (Type IV).” appears that 
there good correlation between this assay method and clinical effective- 
ness. The sample identified (Type the rela- 
tively crude extract (1.0 from which ACTH-247 
(Type I)” was derived selective adsorption. The sample 
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ACTH-426 (Type III)” isolated chromatopile partition (White al., 
1951) assayed 

view the apparent correlation between clinical assays (subcutaneous 
intramuscular administration) the potency value obtained utilizing 
the adrenal ascorbic acid depletion method (subcutaneous administration), 
was anticipated that other subcutaneous methods utilizing normal rats 
and/or other criteria activity such adrenal weight thymus weight 
might also correlate with clinical activity. 

experiment day old normal Sprague-Dawley rats, selected 


Lambda 

STO. ERROR 
205 1.2 1.6 2.0 2.4 2.8 
Log Total per Rat 
100 1.600 6.400 


Total Dose, per Rat 


Adrenal weight response day old, normal female rats graded doses 
purified ACTH gelatin. 0.5 ec. subcutaneously twice day for three days, autopsy 
fourth day, seven rats per point. 
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random, indicated that useful adrenal weight response could obtained 
these animals but that the thymus involution response was more 
quantitative. Information from both responses could obtained from the 
same rats (see also Hayashida and Li, 1952). One similar experiment 
day old rats indicated adequate range response using either adrenal 
weight thymus weight but precision the thymus response was poor 
this experiment compared the day old rats. Average control 
thymus weight was 323 mg. this experiment and was reduced 140 
mg. with the highest dose ACTH used (0.40 purified ACTH (Type 
dose days). Adrenal weight precision was comparable 
results from day old rats 

Figure illustrates the log-dose adrenal weight response relationship 
purified ACTH (Type gelatin administered previously indicated 
day old normal female rats. The lambda value 0.40 indicated rela- 
tively poor precision but sufficiently valid obtain information with 
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W 

TYPE CRUDE ACTH-GEL 
TYPE PURIFIED ACTH-GEL 
CONTRO 


LOG 100 TOTAL PER RAT 


TOTAL DOSE, PER RAT 


Adrenal weight assay ACTH. Thirty day old, normal, 
female rats—eight rats per point. 
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respect correlation between adrenal weight assays and clinical other 
assays. 

Figure illustrates the application the adrenal weight response 
normal day old rats the assay crude ACTH (Type IV) gelatin 
compared purified ACTH (Type gelatin. The result—Type 
crude ACTH =25+9% purified sufficiently accurate indi- 
cate good correlation with clinical assay. 


Limits 
Rots 


Thymus mg. 


STO. ERROR LimiTS 


° 4 8 1.2 16 20 24 28 ~= 
Log 100 X Total |.U. per Rat 
.025 4100 400 1600 6.400 


Total Dose, |.U. per Rat 


Thymus weight response day old, normal, female rats graded 
doses purified ACTH gelatin. This experiment also provided adrenal weight data 
shown Figure 


Figure illustrates the log-dose thymus weight relationship purified 
ACTH (Type gelatin administered day old female Sprague- 
rats selected random. The thymus weights were obtained from 
the same rats that yielded the adrenal weight data illustrated Figure 
Thus can seen that the dosage range 0.10 0.40 purified 
ACTH (Type I), quantitative data can obtained simultaneously from 
both adrenal and thymus weight responses. view the correlation 
standard deviation with level response, conversion the responses 
log-response would seem indicated for assay purposes. 

Figure illustrates the assay curve obtained using the logarithms 
the thymus weight response values. 
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/ @ 
60 
+ 
/ 
.70 at 
o 
Limits 
o _ 
120 
1.30 
8 12 16 2.0 24 28 
Log Total |.U. per Rat 
.025 100 400 1.600 6.400 


Total Dose, |.U. per Rat 


Log thymus weight plotted against log dose ACTH 
using data from experiment illustrated Figure 


Figure illustrates the application the thymus involution assay pro- 
cedure for the potency comparisons several ACTH preparations. Again 
the comparison crude ACTH (Type IV) gelatin with the purified 
ACTH (Type gelatin shows good correlation with clinical findings 
and with other assay methods. 

order study further the application several assay methods 
the problem ACTH standardization, additional assays were conducted 
several samples purified ACTH (Type gelatin and crude ACTH 
(Type IV) gelatin. All samples were first assayed the provisional 
U.S.P. adrenal ascorbic acid depletion method hypophysectomized 
rats standard error +10% (150 200 rats per sample). For sub- 
cutaneous assays, doses were always given terms U.S.P. 
Units, that all preparations can considered 100% each other, 
the intravenous assay technique, within the limits error indicated 
above. 

Table gives the results the assay several lots purified ACTH 
(Type gelatin and several lots ACTH (Type IV) gelatin 
when utilizing adrenal ascorbic acid depletion following subcutaneous 
administration the hypophysectomized rat. may noted that each 
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LAMBDA .20 


VS. 


140 ACTH 


THYMUS WEIGHT, MG. 


160 


STD. ERROR LIMITS 


1.4 2.2 
LOG TOTAL PER RAT 
TOTAL DOSE, PER RAT 


Thymus involution assay ACTH. Twenty-three day 
old, normal female rats. Seven rats per point. 


type preparation appears uniform within limits error whether 
assayed intravenously subcutaneously, but purified ACTH 
(Type gelatin about 2.9 times potent subcutaneously (4-hour 
response) 1.0 the ACTH (Type IV) gelatin. 
Different potency ratios between Type and Type ACTH samples 
can obtained selecting different response times. Ratios 2-hour 
response times may about hours, about and hours, about 
This due difference the time-response pattern (see Fig. 1). 
For standardization, samples should assayed against standard 
similar type far preparative history and subcutaneous action charac- 
teristics are concerned. 
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TaBLE SEVERAL ACTH SUBCUTANEOUSLY ADMINISTERED, AND 


MEASURING ADRENAL ASCORBIC THE HYPOPHYSECTOMIZED RAT 
Potency ratios versus purified ACTH 
1.3 
1.4 1.3 
1.4 
Mean 1.07 
Crude ACTH type 
gelatin 
.53 
Mean 


gelatin 2-hour response assay and 1.0/.35 =2.9 the 4-hour response assays. 


The lambda values for the assays Table ranged from 0.2 0.25 
the individual assay results are subject standard errors about 
+20 25% (20 rats per assay). 

Table gives the results the assay several lots ACTH gelatin 
preparations, the thymus involution method utilizing day old normal 


TABLE ASSAY SEVERAL ACTH PREPARATIONS, SUBCUTANEOUSLY ADMINISTERED, AND 
MEASURING THYMUS INVOLUTION DAY OLD NORMAL RATS 


Purified ACTH Potency ratios versus purified 


type ACTH gelatin experimental 
gelatin lot standard 
1.40 
Mean 1.13 
Type crude ACTH 
gelatin lot 
1—C 
1—C 
2—C 
U.S.P. standard 
gelatin 
Mean 


purified Type ACTH gelatin =1.0/.31 =3.2 1.u. Type crude ACTH 
gelatin. 
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female rats. The average lambda value these experiments was 0.23 
(0.20 0.31) the individual assays are subject standard error 
about +16% and the means standard error about +8%. The puri- 
fied ACTH (Type versus crude ACTH (Type IV) ratio 3.2, therefore, 
exhibits close correlation with clinical results and with the other subcu- 
taneous assay methods. 

Table gives the results several assays crude ACTH (Type IV) 
gelatin assayed against the purified ACTH experimental standard 


TABLE ASSAY SEVERAL ACTH PREPARATIONS, SUBCUTANEOUSLY ADMINISTERED, 
AND MEASURING ADRENAL WEIGHT INCREASE NORMAL RATS. 


Potency ratio versus type 
experimental standard. 


U.S.P. standard 
gelatin 


1.0 purified Type ACTH =3.2 crude Type ACTH 
gelatin. 
utilizing adrenal weight increase obtained normal rats. Lambda values 
for these assays were 0.4 0.5 the individual assays are subject 
standard errors about +32% but the means are accurate standard 
error about +16%. this method the relative versus 
intravenous potency purified ACTH (Type gelatin about three 
times that crude ACTH (Type IV) gelatin. 


DISCUSSION 


The results indicate that crude ACTH (Type IV) gelatin were 
assayed subcutaneous method against the present standard, 
about the same value would obtained present with the intravenous 
assay procedure. the purified ACTH (Type gelatin were assayed 
against the U.S.P. standard the same method, relative potency 
about three times that the intravenous assay technique would ob- 
tained. This corresponds the clinical assay these two types ACTH 
preparations. The inference that, preparations were assayed against 
the present standard subcutaneous method, the resulting 

products would uniform clinical activity when labeled terms 

U.S.P. units and used subcutaneously intramuscularly. The clinical 

doses terms units would then the same for either prepara- 
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tion. such preparations were now labeled terms U.S.P. units 
determined the provisional U.S.P. intravenous assay procedure, one 
U.S.P. unit one preparation would about three times potent 
clinically one U.S.P. unit another preparation, even though each 
preparation utilizes gelatin vehicle. ACTH preparations gelatin equiva- 
lent the provisional U.S.P. assay are, therefore, not necessarily equiva- 
lent clinically following subcutaneous administration. 

Some evidence exists (Fisher, 1953) that effective ranges 0.5 
times the U.S.P. unit may encountered when comparing different type 
preparations. experiment was designed determine whether differ- 
ences dose response curve slopes differences time response pattern 
would detectable after intravenous administration Type and Type 
ACTH preparations. The method used was the same the Munson 
al. (1948) assay procedure with the exception that rats were sacrifiecd 
several time intervals. This experiment failed show difference 
between the two preparations comparable that the subcutaneous 
experiments. The time-response patterns appeared identical within limits 
error. time difference dose response curve slope exists, the purified 
Type preparation shows the flatter slope. This latter feature the 
opposite findings after subcutaneous administration the preparations. 
Comparison the results this experiment with the result 
ous assays indicated that the major difference relative potency the 
two ACTH preparations appeared only after subcutaneous intramuscu- 
lar administration. The difference, therefore, must due difference 
rate absorption difference the rate extravascular destruction. 

The adrenal acid depletion method, when ACTH subcu- 
taneously administered, discriminates quite sharply between preparations. 
The discrimination appears chiefly the form both deviation from 
parallelism the log-dose response curve (Fig. 2), and differences time- 
response pattern (Fig. 1). 

All characteristics the thymus involution experiment Figure 
indicate that this could the basis for simplified and more economical 
assay for ACTH than any previously available. Precision appears excellent 
spite the absence litter-mate distribution. The method also retains 
the feature discrimination between preparations respect their 
relative subcutaneous potencies. While only results obtained from the 
Sprague-Dawley strain rats have been reported, other strains, Wistar 
for example, have proven satisfactory. 

Response range adequate. Even for randomly selected rats, precision 
(lambda =0.23) appears good as, better than, other methods. The 
use litter-mates may increase precision. 

Since there appears difference the relative potency different 
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ACTH preparations different vehicles, would preferable use the 
same vehicle for both standard and unknown. 

For purposes quantitative assay and standardization obvious 
that new U.S.P. International reference standard needed. This 
suggested standard should composed material similar the (Type 
purified preparations, both with respect its purity and subcutaneous 
versus intravenous action characteristics. 

When preparations have been assayed all three the methods de- 
scribed, the effect upon adrenal size weight can correlated the 
effect upon adrenal ascorbic acid the differences intravenous and 
subcutaneous effectiveness have been initially evaluated. Preparations 
containing from 0.01 100 determined intravenous 
assay methods have shown equal activity respect adrenal weight 
when administered subcutaneously equivalent standard units. The 
foregoing studies appear provide sound basis for the use subcu- 
taneous assays ACTH normal animals. 

The usual experimental design and methods analysis are applicable. 
The best transformation response relation linearity and standard 
deviation response different effect levels remains determined. 
Square root response suggested Bruce al. (1952) log response 
shown Figure should satisfactory. 

believed that the change physiological effectiveness following 
acid and/or pepsin hydrolysis can possibly related the chemistry 
the polypeptides isolated. The several facets the aforementioned prob- 
lem are under investigation the present 


SUMMARY 


ACTH has been prepared different procedures and incorporated into 
partially hydrolyzed gelatin vehicle. gelatin medium enhances the 
effect all preparations tested when given subcutaneously. The prepara- 
tions were standardized the provisional intravenous assay pro- 
cedure using the adrenal ascorbic acid depletion hypophysectomized 
rats. Some preparations were found differ potency about 300% 
when injected subcutaneously humans rat assay, even though 
initially standardized the U.S.P. assay. Correlation between animal 
and human bio-assay Corticotropin appears dependent upon the same 
mode administration being used both. 


Since receipt this paper, the isolation different purified ACTH preparations 
has been reported the Am. Chem. Soc., '75, 245 (1953), “Studies Pituitary 
Adrenocorticotropin III. Differentiation Three Active Types XE-97 Resin” 
White and Fierce. 
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Young al. (1951), Dixon al. (1951), and Moyer al. (1952) have 
postulated the existence multiple ACTH hormones indicated two 
different assay methods utilizing two different indices response. Evi- 
dence presented this paper which indicates that varying the 
route administration (intravenous and subcutaneous) and utilizing the 
same response index (adrenal ascorbic acid), differences relative potency 
appear. The magnitude difference can made parallel that utilizing 
second response index (adrenal weight) following subcutaneous adminis- 
tration. This fact would tend contradict the postulate two pituitary 
derived ACTH hormones, one affecting adrenal ascorbic acid depletion, 
the second adrenal weight. 

ACTH preparations gelatin, standarized the provisional U.S.P. 
assay, were assayed the adrenal ascorbic acid depletion method, 
adrenal weight method, and thymus involution method, all following sub- 
cutaneous administration the hormone. All the above assays correlated 
satisfactorily with clinical findings. However, the thymus involution assay 
day old normal female rats appears the most promising. 
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EXPERIMENTAL EXOPHTHALMOS RATS 
PRODUCED CORTISONE 


The Department Anatomy and the Department Pharmacology, Medical School, 
University Birmingham, Great Britain 


OME time ago one (K. A.) noted that rat with experimental 
fibrosis the liver, for which was being treated with cortisone, 
developed exophthalmos after had received total 37.5 mg. the 
hormone over period days. Definite bilateral proptosis, confirmed 
independent observers, was present the morning the 6th day, 
but had decreased again the 8th day despite the continued administra- 
tion cortisone. Close observation other rats under similar treatment 
indicated the presence varying degrees proptosis, but owing the 
difficulty assessing the condition objectively, and owing the additional 
complication varying degrees liver damage, was decided investi- 
gate the problem further the guinea pig, which more suitable experi- 
mental animal for this purpose (Aterman, 1951, 1952a, 

opportunity see exophthalmos could regularly produced 
the rat presented itself again the course experiment designed 
study the effect prolonged administration cortisone the growth 
weanling male rats which, while fat-free diet, were various 
dietary supplements e.g. fat, defatted liver, desiccated thyroid. Details 
the methods and the diets used will published elsewhere. Here 
suffices state that the onset and the course the proptosis appeared 
independent any dietary supplement and that, with few excep- 
tions, the only factor common those animals which proptosis occurred 
was cortisone. 


METHOD 


total 111 male Wistar rats weighing about gm. the start the experi- 
ment were given cortisone. The dose each case was 1.5 mg. Merck,! 
diluted 0.1 ce. with physiological saline, given subcutaneously daily for days week 
for weeks. Each the rats therefore received total mg. cortisone acetate 
over period days. The remaining animals were given daily injections saline. 
The experiment was spread out over period months and ocular proptosis was ob- 
served several groups experimental animals. 


Received for publication September 30, 1952. 
are indebted Dr. Elmer Alpert Merck Co. for the cortisone acetate. 
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RESULTS 


Fifty-seven the rats treated with cortisone looked, some stage 
the course the experiment, though they had protruded eyeballs. 
Figure photograph one such animal with its untreated control. 
the remaining animals died prematurely from intercurrent infec- 
tions. the control group rats injected with saline only were 
considered show some degree ocular protrusion. 


Exophthalmos prepuberal male rat treated with cortisone. 
The control animal the left. 


The rat not suitable animal for measuring the degree exophthal- 
mos the usual caliper methods (Pochin, 1944). With experience 
proved possible, however, estimate the incidence well the degree 
proptosis reasonably well simple inspection. Table shows the 
result separate and independent attempts observers grade the 
ocular changes animals which they only knew the numbers. 

Unfortunately this method assessment independent observers 
was not applied all animals from the start the experiment, that 
definite statements about either the onset the course the proptosis 
the cortisone treated rat cannot yet made. the majority those 
animals which were watched from the beginning, proptosis became notice- 
able some time between the 6th and the 13th day (6th day: animals; 
7th day: animals; 8th day: animals; 9th day: animals; 13th day: 
animals). only one rat (No. 30) was exophthalmos thought 
present early the 3rd day after the start treatment with cortisone. 
With the exception this animal proptosis always appeared sym- 
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TABLE 1. AN ASSESSMENT BY 3 OBSERVERS OF THE DEGREE OF PROPTOSIS OF THE EYEBALLS 


GROUP CORTISONE TREATED RATS AND THEIR CONTROLS 


Degree proptosis present 
Animal No. Observer Cortisone 

XXXX XXXX XXXX Yes 
XXX XXX Yes 

111 XXX XXX Yes 


Gross unilateral ocular protrusion left eye with only mild 
proptosis right eye male rat treated with cortisone. 


! 
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metrical, and other eye signs, such the “bloody described 
Yudkin, Farquhar and Wakeman (1934) were observed. Proptosis was 
still present many animals the time autopsy; least animals, 
however, previously established protrusion had disappeared. 

particular interest was the course exophthalmos one animal, 
No. 30, which reference has already been made. Proptosis was diagnosed 
this animal the 3rd day after the start the cortisone injections. 
the 11th day, nothing unusual was noticed, but the 13th day, the 
left eye had literally left its socket (Fig. 2). Only moderate proptosis was 
present the right side. The left eye whole appeared enlarged and 
close inspection revealed certain degree keratoconus. great interest 
was the occurrence here the unilateral noted Yudkin 
al. (1934) some their proptotic animals, change which pre- 
sumably identical with the sanguineous discharge described Thompson 
(1933). Pressure the eyeball did not seem cause any discomfort. The 
following day keratoconus was definite; the cornea had become completely 
dry and opaque; and the proptosis was unchanged. The picture was sug- 
gestive retroorbital tumour, and was decided kill the animal 
avoid the possibility secondary infection preventing correct diagno- 
sis. The eye was punctured under light ether anaesthesia and clear fluid 
escaped under pressure, presumably from the anterior chamber. This 
undoubtedly was the cause the keratoconus and the apparent enlarge- 
ment the eye, but did not account for the proptosis, which still per- 
sisted. Enucleation showed that the eyeball was not appreciably enlarged. 
The retroorbital contents appeared hyperaemic, but tumour pus 
could found. This was confirmed histological examination (Fig. 3). 

This peculiar picture was not observed any other rat this any 
other series similar experiments. possible that similar the 
rare unilateral exophthalmos endocrine origin man. 


DISCUSSION 


Yudkin al. (1934) observed proptosis young male albino rats that 
were being given diets low salts. rats developed marked and 
slight and occasionally transient ocular protrusion. “bloody ring around 
one was noted animals. explanation for this unilateral 
rence given. histological examination evidence increased ocular 
tension could found, nor were there any changes present either the 
eye muscles the retrobulbar tissues. The thyroid said have shown 
“striking Loss hair was recorded some animals, but 
abnormality was reported the pituitary the adrenals, the weights 
which, however, are not given. 

Somewhat similar findings have been reported Thompson (1933), 
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who kept rats diets with varying calcium and iodine contents. Ocular 
disturbances occurred the form proptosis and decreased frequency 
blinking. Occasionally sanguineous exudate developed around the lids 
one both eyes. Proptosis became noticeable about the sixth week; 
reached its maximum during the eighth tenth week; and remained 
unaltered from then on. These eye changes were limited animals 
diets containing little iodine, whom hyperplasia the thyroid glands, 


Section the left orbital tissues the rat with asymmetrical proptosis. 
There evidence inflammation tumour present. (Formalin-Zenker, Hema- 
toxylin-Eosin, 


followed later some cases atrophy, was found. Apart from changes 
the parathyroid glands the state other endocrine organs not 
mentioned. 

Heinemann (1937) produced exophthalmos guinea pigs and rats 
injecting thyrotropic hormone (Schering-Kahlbaum). autopsy the 
thyroids were shown enlarged. Exophthalmos occurred animals 
treated for more than weeks, and was most marked those animals 
which had been treated longest. There was loss weight, but loss 
fur was noted. The adrenal glands the exophthalmic guinea pigs were 
definitely enlarged. 

Definite exophthalmos persisting after death has been reported 
Rawson, quoted Means (1944), rats which hyperplastic goitre 
was produced treatment with sulfathiazole. Sellers and Ferguson 
(1949) have also observed proptosis rats fed with propylthiouracil for 
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prolonged periods. could seen some animals after only months, 
but took months before was present almost every rat. was best 
observed the animal was active and alert. All rats were under weight and 
had seanty, coarse hair. The weight the eyeballs was not larger than 
the control group, and lymphocytic infiltration was present the 
retrobulbar tissues. 

generally stated that exophthalmos due excessive production 
the thyrotropic hormone. The occurrence thyroid changes the ex- 
periments just quoted could interpreted supporting this thesis. Since 
the prolonged administration cortisone ACTH said induce thy- 
roid depression—the ‘‘corticogenic Wolfson al. 
(1950, occurrence proptosis cortisone-treated animals 
could explained the basis subsequent increase the secretion 
the thyrotropic hormone. Some clinical (Richardson al. 1950; Reiss 
al. 1950; Werner, 1950); and experimental (Winter al., 1950) findings 
not, however, support this view. Since has furthermore been shown 
that cortisone significantly increases the thyrotropin-induced exophthal- 
mos normal well thyroidectomised guinea pigs (Aterman, 1952b, 
difficult maintain the thesis that this cortisone effect mediated 
through the thyroid. Even cortisone can affect the thyroid indirect 
consequence some change the pituitary, also probable that the 
hormone acts directly the connective tissues the body. The explana- 
tion the ocular protrusion observed the present experiments would 
then the changed physical state these tissues within the orbit (Ater- 
man 1952b, c). 

Reference has already been made the unusual course exophthalmos 
rat No. (Fig. 2). explanation can advanced for the exceptional 
features present this animal. Since increase, change, decrease 
the intra-ocular tension under the influence ACTH cortisone have 
been reported under various clinical and experimental conditions (Bard- 
ram, 1950; Fitzgerald al. 1951; Olson al. 1951; Sallman al. 1952; 
Stewart Duke-Elder, 1951), questionable whether the increased 
tension present the proptosed left eye this rat can attributed 
direct effect cortisone whether was the result the pronounced 
exophthalmos. The marked asymmetry the latter also remains unac- 
counted for. Although some the rats the present series developed quite 
marked degree exophthalmos, have not been able reproduce 
similar picture. Unilateral exophthalmos experimental animals has, 
however, been reported other workers (Friedgood, 1934; Smelser, 
1937; Thompson, 1933). The absence any macroscopic microscopic 
evidence retroorbital tumor inflammation (Fig. our experi- 
mental animal suggests similarity with the rare but well known cases 


516 ATERMAN AND GREENBERG 


Volume 


endocrine exophthalmos man occasionally mistakenly diag- 
nosed retroorbital tumors and even operated (Anderson, 1947; Brain, 
1936, Bedrossian, 1951; Burch, 1929, 1942; Denis and Mahaux, 1951; 
Drescher and Benedict, 1950; Jensen, 1940; Kisner and Mahorner, 1947; 
Klotz, 1948; Regnier, 1942; Rundle and Wilson, 1944, 1945; Saltzmann and 
Mellicker, 1951). That endocrine factors should lead asymmetrical 
changes symmetrical organs puzzling, but not unknown phenome- 
non which several instances can found the literature (Bond, 1914; 
Greene, 1948; Peyton, 1942; Wilkins, 1948). 


SUMMARY 


The occurrence varying degrees bilateral proptosis has been ob- 
served young male Wistar rats treated for weeks with cortisone ace- 
tate. one animal marked asymmetry the proptosis occurred. These 
findings are discussed the light our present knowledge the etiology 
exophthalmos. 


Acknowledgment 


should like thank Miss Lawrence for her valuable assistance. 


REFERENCES 


ANDERSON, B.: Acta Med. Scand. 126: 487. 1947. 

ATERMAN, K.: Brit. Med. 609. 1951. 

Proc. Roy. Soc. Med. 45: 241. 1952a. 

ATERMAN, K.: Lancet 1148. 1952b. 

(In preparation.) 

M.: Clin. Lab. Invest. 271. 1950. 

H.: Am. Ophth. 34: 727. 1951. 

J.: Jour. Genetics 111: No. 1914. 

E.: Minn. Med. 12: 668. 1929. 

E.: Minn. Med. 25: 298. 1942. 

Danis, Bulletin Société Belge d’Ophthalmologie. No. 97. 1951. 

AND Tu. Arch. Ophth. 45: 320. 1951. 

B.: Bull. Johns Hopkins Hosp. 54: 48. 1934. 

GREENE, R.: The Practice Endocrinology. 50. Eyre and Spottiswoode, London 1948. 

K.: Endrokrinologie 19: 1937. 

A.: Acta Ophthal. 18: 1940. 

Kisner, Surg. Gyn. Obst. 84: 257. 1947. 

Means, H.: Am. Med. Sci. 207: 1944. 

Arch. 45: 275. 1951. 

T.: Minn. Med. 25: 298. 1942. 

E.: Clin. Sci. 75. 1944. 


May, 1953 EXPERIMENTAL EXOPHTHALMOS 


A.: Minn. Med. 25: 298. 1942. 

conference clinical 193. Churchill Ltd. London 1950. 

10: 1375. 1950. 

W.: Lancet 182. 1936. 

K.: Am. Ophthal. 20: 1189. 1937. 

British Opthh. 35: 637. 1951. 

J.: Endocrinology 17: 537. 1933. 

WERNER, Proceedings the first conference clinical ACTH. 193. Churchill 
Ltd. London. 1950. 

L.: Advances Paediatrics 159. 1948. 

95. 1951. 

al.: Lab. Clin. Med. 36: 1005. 1950. 


NITROGEN BALANCE, LIVER PROTEIN REPLETION 
BODY COMPOSITION CORTISONE 
TREATED RATS 


ROBERT SILBER CURT PORTER 


From the Merck Institute for Therapeutic Research, Rahway, New Jersey 


1940, Long, Katzin and Fry demonstrated that the administration 
adrenal cortical extract fasting rats caused loss nitrogen 
the urine and increase liver glycogen. They suggested relationship 
between protein breakdown and glycogen synthesis such animals. For 
reviews subsequent investigations, the reader referred those 
Ingle (1950), Sayers (1950) and Engel (1951). 

When cortisone became available 1949, seemed desirable 
investigate further the effects cortisone nitrogen balance, liver 
protein regeneration, and the distribution protein and fat the body. 


EXPERIMENTS AND RESULTS 


Male albino rats the Carworth strain were selected from single ship- 
ments and grouped obtain equivalent average body weights. Adrenal- 
ectomies were performed the lumbar approach under nembutal anes- 
thesia and operated rats were given saline drink. All animals were 
housed individual mesh-bottom cages air conditioned quarters during 
the experiments. Nitrogen was determined the method. 
References other analytical techniques accompany the data. 

The probability (p) erroneously concluding that there are significant 
differences between means was calculated Student’s test from the 
variance ratio (F). See Snedecor (1946). 

Nitrogen balance. Rats weighing 250 gm., the average, were fed 
protein-free diet (Silber and Porter, 1950), libitum for days. the 
8th, 9th, and 10th days, consumption the diet was limited 
/day and each thirty-two rats was given daily subcutaneous injections 
mg. cortisone acetate aqueous suspension. second group thirty- 
two rats did not receive cortisone. the 9th day, all rats were placed 
metabolism cages groups two. this and the subsequent day, half 
the cortisone-treated rats and half the untreated rats each received, 
addition the daily allotment protein-free diet, oral dose solu- 
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tion amino acids egg albumin (300 mg. rat). Twenty-four hours 
after the second dose, the rats were given ml. water orally, and urines 


were collected with cage washings two hours later. The urinary nitrogen 
data are summarized Table 


THE EFFECT CORTISONE ACETATE UPON NITROGEN BALANCE. 
NITROGEN GIVEN, 300 MG./KG./DAY 


Av. rat wts. 3-day Liver wt., 

226 11.5 4.1 474+ 7.2 

5-8 225.5 15.5 3.7 365 

9-12 227 2.0 3.2 372+ 5.4 
13-16 226 8.0 3.0 267+ 9.7 


Egg albumin experiment 


Corti- 
sone albumin 


367+ 
5-8 338 +25. 


Sixty-four per cent the orally administered amino acid nitrogen was 
retained the cortisone-treated rats and 65% the controls. The reten- 
tion egg albumin nitrogen also was comparable the two groups, 90% 
and 86%, respectively. Expressed nitrogen balance indices (Allison, 
Seeley, and Ferguson, 1947) these values would 0.64, 0.65, 0.90, and 0.86. 
Thus, cortisone had effect the retention ingested nitrogen. The 
rats lost gm. body and 100 mg. urinary 
more than their controls. Nevertheless, the livers the rats given corti- 
sone contained 200 mg. more nitrogen/kg. body weight than those the 
controls. 

Liver protein repletion. Rats which were adrenalectomized the 
fourth day protein depletion were supplied protein-free diet for six 
additional days. the 11th, 12th, and 13th days some were allowed 
consume 4.5 gm. protein-free diet, others 4.5 gm. 20% casein diet per 100 
gm. body weight each day. Cortisone injections (1.5 mg./100 gm. body wt.) 
were made daily from the fourth the thirteenth day, inclusive. Intact 
rats were treated similarly. 

significant difference was observed between the intact and the 
operated rats the data were pooled, shown Table The livers 
the repleted, cortisone-treated rats were larger and contained more protein 
nitrogen, more NPN and more glycogen. Serum protein concentrations 
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TABLE 2. THE EFFECTS OF CORTISONE ON LIVERS OF RATS DURING PROTEIN-REPLETION 


Cortisone-treated Controls 


(13 rats) rats) 
Liver wt., gm./100 gm. rat 3.18+0.061 
Protein mg./100 gm. rat 127.8 +1.7 94.6 +2.0 
N., mg./100 gm. rat 17.9 +0.35 13.0 +0.27 


Glycogen, mg./100 gm. rat 429.8 +36 48.8 +5.9 


were also increased (6.6 versus 5.7 gm.%). Similar but less striking differ- 
ences were seen the rats which remained protein-free diet throughout 
the experiment. 

The subsequent experiment was designed study the quantitative 
relationship between the effects cortisone and protein feeding upon liver 
protein regeneration. Adrenalectomized rats were fed protein-free diet 
libitum from the fourth through the seventh day after operation. They 
were then allowed consume gm. per 100 gm. body weight per day 
protein-free 15% casein diet, and some were given daily subcutaneous 
injections cortisone acetate mg./100 gm. rat). Rats were sacrificed 
two four days after the first injection. Analysis variance the data 
(Table shows that the very significant effects cortisone and dietary 
protein upon liver nitrogen had influence upon one another. 

Effects cortisone carcass and viscera rats. From the above 
results, was clear that cortisone could cause increase liver and serum 
protein while nitrogen was being lost the urine, whether not the ani- 
mals were supplied dietary protein. The following experiment was designed 
locate the source the endogenous nitrogen available for 
tion and for excretion. 

Five days after adrenalectomy, groups five rats were injected daily 
with 0.1 1.0 mg. cortisone acetate per 100 gm. rat, and allowed con- 
sume 3.5 gm. protein-free diet per 100 gm. rat/day. Control animals 
were not included because adrenalectomized rats not survive the 
protein-free diet spite saline therapy. 

The rats were sacrificed after days. They were exsanguinated, and the 
carcasses were divided follows: (1) liver, (2) spleen, (3) gastro-intestinal 
organs (washed stomach and intestines, and adhering structures), (4) uro- 
genital organs (testes, prostate, kidneys, bladder), (5) pleural organs 
(heart and lungs), (6) carcass (muscle and bone, including the head and 
brain), and (7) skin and hair. 

Livers and spleens were homogenized with water and aliquots taken for 
the various analyses. The other tissues were macerated Waring Blender 
with 70% alcohol, then extracted Soxhlet extractors with 95% ethanol, 
then ether. The extracts were evaporated dryness and the residues 
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TABLE 3. EFFECT OF PROTEIN AND CORTISONE UPON LIVER N REGENERATION 
IN ADRENALECTOMIZED RATS 


Days Body wt. Body wt. Liver mg./100 gm. 


start, gm. sac., gm. rat +s.e. 

190 168 84.3+1.40 
190 189 99.0+2.84 
190 193 102.4+2.06 
190 183 126.4+1.68 

190 190 92.2+2.40 


These group consumed 3.5 and 2.5 gm. diet/100 gm. rat/day. The remaining groups 
consume all gm. their diets/100 gm. rat/day. 


ANALYSIS OF VARIANTS 


Source Degrees Mean 

variation freedom squares 
Protein 3766 .57 100.79 
Days 1.60 
Protein Cortisone 56.77 1.52 
Protein Days 14.95 0.40 
Cortisone Days 0.58 
Protein Cortisone Days 4.18 0.05 


Error 


partitioned between water and petroleum ether. The defatted tissues were 
dried and pulverized, and aliquots were taken for analysis, except the 
case skin, where the whole sample was used. For protein analyses sam- 
ples dried defatted carcasses and the skins were extracted with N/10 
NaOH. Three 24-hour extractions room temperature were sufficient 
remove essentially all the soluble proteins from the carcass samples. 
The skins were extracted four times, with freezing and thawing, remove 
the soluble proteins. Collagen carcasses and skins was determined es- 
sentially according Lowry, Gilligan and Katersky (1941). Total nitrogen 
the residues from the collagen extractions the carcasses reported 
here the figure also includes bone nitrogen. Since the hair 
was not separated from the skins, total nitrogen skin residues was not 
determined. 

The rats which received the higher dose cortisone lost significantly 
more weight than those receiving the lower dose (Table 4). The carcasses 
and skins lost weight roughly proportion body weight. The internal 
organs maintained increased weight, the organ weight body 
weight ratios showed significant increases. The analytical data blood 


rats/group; saline libitum 
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TABLE ORGAN WEIGHTS, SERUM PROTEIN AND LIVER ANALYSES. ADRENALECTOMIZED 
PROTEIN-DEPLETED RATS TREATED WITH 1.0 MG. CORTISONE 
ACETATE/100 GM. RAT/DAY 


Low dose High dose 

Initial body wt., gm. 229 229 
Body wt. loss, 27.3 0.96 30.8 0.33 
Carcass wet wt., gm./100 gm. rat 60.2 0.83 58.0 0.59 
Dry, defatted, wt., gm./100 gm. rat 16.8 0.20 16.4 0.38 >0.2 
Skin and hair wet wt., gm./100 gm. rat 18.1 0.38 17.3 0.21 
Dry, defatted skin wt., gm./100 gm. rat 6.08+ 0.18 6.06+ 0.08 >0.2 
Liver wt., gm./100 gm. rat 2.93+ 0.07 4.18+ 0.12 
Liver dry wt., gm./100 gm. rat 0.75+ 0.022 1.14+ 0.042 
Viscera wt., gm./100 gm. rat 11.3 0.29 12.7 0.51 <0.05 
Dry, defatted viscera wt., gm./100 gm. rat 1.31+ 0.024 1.46+ 0.055 <0.05 
Total serum protein, gm. 5.27+ 0.16 6.00+ 0.071 
Albumin (pooled sample), gm. 1.45 2.12 
Globulin (pooled sample), gm. 3.72 
A/G ratio 0.39 0.54 
Liver protein mg./100 gm. rat 76.5 1.31 105.5 1.86 
Liver NPN, mg./100 gm. rat 9.47+ 0.30 13.51+ 0.34 <0.005 
Liver carbohydrate, mg./100 gm. rat 137 +23.4 320 +20.5 
Liver lipid sol.) gm. rat 261 +22.3 452 +24.6 
Liver acid, mg./100 gm. 

ratt 15.2 0.39 <0.2 
Liver acid, mg./100 gm. 43.8 3.56 68.4 4.10 


Total protein and protein fractions the method Kibrick and Blonstein (1948). 

Dische (1930). 

Davidson and Waymouth (1944). 
serum showed that cortisone prevented decrease caused increase 
albumin, even though these animals were consuming protein-free diet, 
but there was little change globulin. 

the livers increased size under the influence the higher dose 
cortisone, protein and fat soluble) increased about equal 
proportions while carbohydrate increased greater ribo- 
nucleic acid increased proportion liver weight, but desoxyribonucleic 
acid remained essentially constant quantity, indicating increase 
cytoplasm without increase the number cells. (The relative increase 
desoxyribonucleic acid indicated the table was doubtful signifi- 
cance, and was least partially result the decrease body 
weight.) 

The distribution nitrogen the animals (Table closely paralleled 
the organ and body weight distribution discussed above (Table 4). Total 
nitrogen the rats decreased proportionately with body weight loss. 
However, there was excessive loss nitrogen from the carcass whereas 
the liver, gastro-intestinal organs and urogenital organs were spared nitro- 
gen loss. The collagen and elastin nitrogen the carcass showed relative 
and absolute increase, while the more labile alkali-soluble nitrogen fraction 
decreased significantly. The fraction nitrogen contributed the skin 
remained the same the two groups. 

The ratio total fat (Table body weight increased 50% 


May, EFFECTS CORTISONE RATS 523 


TABLE 5. NITROGEN DISTRIBUTION IN ADRENALECTOMIZED, PROTEIN- DEPLETED RATS 


Low dose High dose 


Nitrogen, rat total (skin elastin and hair omitted) 


68.0 +0.49 65.0 <0.01 
Skin 22.1 +0.45 22.6 +0.32 >0.2 
Liver 3.03 4.49+0.114 <0.005 
Gastro-intestinal 4.27+0.130 <0.01 
Urogenital 2.55 2.96 +0.120 <0.05 
Total gm./100 gm. rat 2.79+0.061 2.67 >0.2 
Water solubles from Soxhlet extract 
Elastin bone 2.11+0.12 <0.05 
total gm./100 gm. rat 1.90 +0.053 1.74+0.031 


skin fractions, skin total (hair elastin omitted) 


Water soluble from Soxhlet extract 
Alkali soluble 41.16+1.12 
Collagen 51.48+0.88 +1.17 


Soluble N+Collagen gm./100 
gm. rat 


>0.2 


under the influence cortisone. Particularly striking increases 
fat were observed the carcass and organs the pleural cavity and 
less striking increases the urogenital organs and livers. Fat the skin 
and gastro-intestinal organs remained essentially constant. 


DISCUSSION 


Since the report Long, Katzin and Fry (1940) cortisone has frequently 
been termed hormone. From isotope experiments, Hoberman 
(1950) and Clark (1950) have considered cortisone exert catabolic 


TABLE ADRENALECTOMIZED PROTEIN-DEPLETED RATS. TREATED WITH 0.1 
1.0 MG. CORTISONE ACETATE/100 GM. RAT/DAY 


Low dose High dose 
Careass, gm. fat/100 gm. rat 1.46+0.14 
Skin, gm. fat/100 gm. rat +0.09 >0.2 
Liver, mg. fat/100 gm. rat <0.2 
Pleura, gm. fat/100 gm. rat 95.3+11.8 
Gastro-intestinal, mg. fat/100 gm. rat 588 +137 
Urogenital, mg. fat/100 rat 451+101 
Spleen, mg. fat/100 gm. rat >0.2 


Total fat, gm./100 gm. rat 


— 


Benzin soluble. 


TREATED WITH 1.0 MG. CORTISONE ACETATE/100 GM. RAT/DAY 
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anti-anabolic protein metabolism. Ingle (1950) and Engel (1951) 
have suggested that the primary effect cortisone may decrease 
the utilization carbohydrate. The fact that cortisone milligram quan- 
tities can depress the body weight rats without proportionate decrease 
food intake well substantiated. From the observations Kochakian 
and Robertson (1951) and from the present work, clear that the loss 
body weight due loss substance, including nitrogen, from the 
carcass rather than from the internal organs. 

Loss nitrogen from the carcass was not accompanied deficient 
utilization ingested protein evidenced nitrogen balance and liver 
protein repletion. This agreement with the report Wells and Kendall 
(1940) that adrenalectomy did not influence the utilization exogenous 
protein. 

Engel, Schiller, and Pentz (1949) found that nephrectomized rats, 
exogenous amino acids glucose spared the breakdown endogenous 
protein caused injection adrenal cortical extract. the present 
experiments, however, the effect cortisone upon the incorporation 
nitrogen the liver its excretion the urine was not influenced the 
ingestion minimal amounts protein intact rats. rats fed normal 
amounts dietary protein Clark (in press) found that cortisone treatment 
caused increase the excretion isotopic nitrogen fed glycine. The 
apparent contradiction between this and the present work may related 
the level nitrogen intake. 

the nitrogen balance experiment was noted that the body weights 
the rats given cortisone decreased gm./kg./day more than their controls 
spite equivalent caloric intakes. the tissue protein 
contain 16% nitrogen and the wet tissue contain 20% protein, only one- 
fifth the weight loss can related the loss nitrogen the urine. 
There was evidence these experiments that dehydration occurred 
the the cortisone-treated rats although they did excrete 
larger volumes urine. They also consumed more water, and dry weight 
data showed that the water concentrations the carcasses were compara- 
ble the treated and untreated groups. 

The liver protein cortisone-treated rats decreased concentration, 
but increased total, This may related the deposition glycogen 
and the increase cell size. However, the elevated serum albumin concen- 
trations found the cortisone-treated rats also indicates increase 
protein synthesis the liver. Mushett, Porter and Silber (unpublished) 
have found that cortisone-treated dogs stock diet libitum showed 
changes similar those observed rats, i.e., liver protein, fat, and nu- 
cleic acid. Friedgood, Vars and Zerbe (1950) have reported that cortisone 
facilitated liver regeneration after partial hepatectomy. Kochakian and 
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Robertson (1951) called attention the fact that protein anabolism may 
occur certain tissues simultaneously with catabolism others. seems 
reasonable conclude that the protein catabolic (or anti-anabolic) effects 


cortisone were, under the conditions our experiments, essentially 
limited the labile carcass proteins. 


SUMMARY 


nitrogen balance and liver protein repletion experiments cortisone 
did not alter the biological value amino acid mixture, egg albumin 
casein. 

protein-depleted rats, cortisone caused wastage nitrogen from 
carcass fractions other than structural protein (collagen and elastin). 
Concurrently, the total protein the liver, gastro-intestinal tract and 
urogenital organs, well plasma albumin were increased. The increased 
size livers caused cortisone may due primarily laying down 
cytoplasm (ribonucleic acid increased) without the formation new cells 
(desoxyribonucleic acid not increased). increase total fat the ani- 
mal was observed, with the most significant increases occurring the 
carcass and organs the pleural cavity. 


Acknowledgment 


The authors are indebted Mr. Albert Ballman and Mr. John Flanagan for valuable 
technical assistance. 


REFERENCES 
B., SEELEY AND Biol. Chem. 171: 91. 1947. 
I.: Fed. Proc. 161. 1950. 

I.: Biol. Chem. (in press) 

Z.: Mickrochemie 1930. 


ENGEL, L.: Recent Progress Hormone Research Vol. V1, 277, Academic Press, N.Y. 
1951. 

H.: Yale Biol. and Med. 22: 351. 1950. 

J.: Clin. Endocrinol. 10: 1312. 1950. 

anp Biol. Chem 176: 983. 1948. 

Lona, H., Fry: Endocrinology 26: 309. 1940. 

G.: Physiol. Rev. 30: 241. 1950. 

Porter: Protein and Amino Acid Requirement Mammals 
75, Academic Press, N.Y. 1950. 

W.: Statistical Methods, Ames, 4th Edition. 1946. 

Proc. Staff Meetings Mayo Clinic 15: 294. 1940. 


RADIOIODINE METABOLISM THE CHICK EMBRYO 
SEYMOUR WOLLMAN EDGAR 


Cancer Institute, National Institutes Health, Bethesda, Maryland 
and Storrs Agricultural Experiment Station, Storrs, Connecticut 


INTRODUCTION 


ANY studies have been made the histology the thyroid gland 

various stages the development the chick embryo. These 
studies, well several determine the age the chick embryo 
which biochemical differentiation thyroid function begins, have recently 
been summarized Moore (1950). Methods used determine thyroid 
function the chick embryo include measurement the total iodine 
the thyroid glands (Sun, 1932), demonstration the presence the thy- 
roxine the chick thyroid tadpole test (Hopkins, 1935), and demon- 
stration organic binding radioiodine the thyroid gland auto- 
radiography (Hansborough and Khan, 1951). Using these methods, was 
not possible detect any evidences thyroid function biochemical 
differention prior the tenth day incubation, which the time colloid 
has been reported appear the thyroid gland (Bradway, 1929; Hopkins, 
1935; Venzke, 1949). 

has been recognized that addition its ability incorporate iodide 
into organic binding and synthesize thyroxine, the thyroid gland differs 
from non-thyroid tissue that has the property con- 
centration iodide greatly elevated above that the blood (Albert, 
1952). 

The investigation reported this paper was undertaken determine 
the temporal relationships involved the development the ability 
the embryonic thyroid gland maintain concentration iodide above 
that blood and the ability incorporate iodide into organic binding. 
Radioiodide and quantitative counting procedures were used. 

was found that the ability the thyroid gland concentrate iodide 
from the blood develops before its ability incorporate iodide into organic 
binding. Iodide concentrating occurred before follicle formation 
stage when there was not more than trace colloid the gland. few 
data have also been obtained the distribution some the 
major components the egg within hours after injection radioiodide. 


Received for publication October 30, 1952. 


Done during tenure Special Research Fellow the National Cancer Institute 
the National Institutes Health. 


526 


i 


May, 1953 


RADIOIODINE METABOLISM CHICK EMBRYO 


MATERIAL AND METHODS 


These studies were made eggs from White Leghorn chickens. Incubation for the 
required interval was 37.5° forced draft incubator. The eggs had been brought 
room temperature before they were placed the incubator, and allowance was 
made for up” period; age was computed from the time that the eggs were 
placed the incubator. The embryos corresponded the stages described Ham- 
burger and Hamilton (1951). The thyroid gland morphology corresponded the ap- 
propriate stages described Venzke (1949). 

Forty microcuries the form 0.05 ml. carrier-free was injected into 
one the allantoic veins means fine cannula sealed into 0.1 ml. serological 
pipette. The window the shell was sealed with tape and the eggs were placed 
still air incubator until needed. appropriate intervals they were reopened and 
venous sample (0.05 ml.) was obtained and delivered into 0.95 ml. containing 
1.0 mg. Immediately after the blood was taken the embryo was removed from 
the egg. Every effort was made drain any extraneous fluids from the 
clear, from the values obtained for the concentration possible contaminating fluids 
(Table 2), that such contamination could not make appreciable contribution the 
concentration the carcass. case was contaminated with yolk. 
Thyroid glands were dissected out, measured with ocular micrometer and then 
placed into either Bouin’s solution homogenizer containing ml. ice-cold 
which 1.0 mg. Nal had been added. The weights the thyroid glands were 
computing their volume from the lengths their major axes and assuming 
density one. The carcass below the neck was weighed and put into sample bottle 
homogenizer which contained ml. ice-cold TCA. 

Complete serial sections were made thyroid lobes from several 7-, and 10-day 
embryos. Sections were stained with hematoxylin and eosin. Later the sections from 
the 7-day embryos and the 9-day embryos were destained and then treated with 
periodic acid-Schiff reagent test for 

the diluted blood was determined beta counting dried aliquot. Self 
absorption corrections were found negligible. Protein binding the carcass 
was tested homogenization TCA, centrifugation and determination I'* 
both the supernatant and the sediment gamma counting. Protein binding 
the thyroid glands was assessed after homogenization, deproteinization with the 
reagent Somogyi (1945) and centrifugation.? the sediment was 
measured gamma counting, that the supernatant beta gamma counting. 
Some the glands were dried and was determined them beta counting. 
Although results using this technique agreed reasonably well with those using homogen- 
ized material only data from the latter are presented the tables because uncertainty 
self-absorption corrections. 

few 7-day eggs determinations were made allantoic fluid, amniotic fluid, 
blood, carcass below the head, fluid yolk and solid yolk. Samples for this survey were 
taken approximately minutes after injection. 


RESULTS 


The histology the hematoxylin-eosin stained sections the thyroid 
glands the embryos studied (Figs. 1-3) appeared duplicate observa- 


Under the conditions used Somogyi’s reagent has been found precipitate organic 
bound more completely than does TCA, although the reagent does not precipitate 
appreciable amount (Wollman and unpublished results). 
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tions reported others (Bradway, 1929; Hopkins, 1935; Venzke, 1949). 
The 10-day gland consisted fairly solid arrangement epithelial 
cells and many droplets colloid with diameter one two times that 
cell nucleus. The colloid stained deeper pink than the cytoplasm. Both 
the 9-day and the 7-day glands consisted epithelial cords separated 
loose mesenchyme. colloid was visible. The acid-Shiff 
preparations the 9-day glands showed many deep magenta stained 
droplets colloid otherwise pale pink section (Fig. 4). The diameter 
these droplets was approximately one-half that nucleus. the 
preparations the 7-day sections not more than few PAS positive 
droplets per gland were seen (Fig. 5). 

The radioiodine content the blood fell rapidly after injection both 
the and 9-day embryos. minutes after the injection, the 
content the blood the 9-day embryos was not significantly above that 
expected from uniform distribution the throughout the egg con- 
contents. The content the blood the 7-day embryos was somewhat 
higher than that the 9-day embryos. Although the variation from 
embryo embryo was considerable there were indications both age 
groups continuing decline the concentration the blood during 
the experimental period. 

the 9-day embryos, significant fraction the injected (average 
0.26%) was found the thyroid glands approximately one four hours 
after the was injected (Table 1). The total content appeared 
constant during the time interval during which data were obtained, since 
the value approximately minutes after injection was 0.29% and 
200 minutes was 0.24%. tests four embryos, least half the thyroid 
was protein-bound minutes after injection and least 90% was 
bound after 3.5 hours. The concentration radioiodine these 9-day 
glands averaged over 5000 times that blood, and increased significantly 
with increasing time after injection (Fig. 6). The concentration non- 
precipitable was only 200 800 times that blood. contrast, the 


Tenth day incubation. and stain. Many colloid droplets present. 

Ninth day. and stain. 

Ninth day. acid-Schiff preparation. Note large number PAS 
positive droplets. 

Seventh day. Periodic acid-Schiff preparation. Note absence PAS positive 
droplets. 
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THYROID 


100 
MINUTES AFTER 


150 200 
INJECTION 


The ratio content per mg. thyroid gland the content per mg. 
blood various time intervals after injection radioiodide. Data are shown for 
seven- and nine-day embryos. The three different symbols used the seven-day data 
represent different experiments. 
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TABLE THE RATIO CONCENTRATION CARCASS AND THYROID GLAND 
CONCENTRATION BLOOD CHICK EMBRYOS 


9 | 12 71 to 223 0.16 1.0 0.26 (12) | 0.75+ .042(10)3 | 5400+ 1200( 12) | 400 + 200 (3) 
0.024 
(3) 
7 6 50 0.021 0.24 0.022 (5) | 0.82+0.05 (6) 700 (5) | 700 (5) 
9 68 to 136 0.26 =| to | 0.80+0.06(9) | 400+ 106 (5) ' 400 + 106 (5) 
0.068 (5) 


1 Body below neck. 
2 Mean + standard error. 
3 Number of eggs on which datum is based. 
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concentration the carcass averaged only 0.75 times that blood and 
all was non-precipitable (Fig. 7). 

the 7-day embryos only .004 .11% the injected was found 
the thyroid gland. The radioiodine content was higher when the sam- 
pling was done relatively soon after the injection and lower when the 
sampling was delayed. precipitable was detected the 7-day em- 
bryo thyroids. The ratio the content the thyroid gland the 
content per mg. blood was 15+4. The concentration these 
glands averaged 400 700 times that blood (Fig. 6). The average 
value the ratio was relatively constant during the time interval between 
130 minutes after injection although measurements indicated that 
the concentration the blood the end this interval could 
only few per cent that minutes. The average concentration 
the varied from 0.80 0.95 times that blood (Fig. 
and was also independent the time interval after injection. All the carcass 
was non-precipitable. 


oO 
4 


100 150 
MINUTES AFTER INJECTION 


The ratio content per mg. the content per mg. blood 
various time intervals after injection radioiodide. Only the body below the neck 
was used determinations these and 9-day embryos. The three different 
symbols used the seven-day data represent different experiments. 


7 DAYS 
1.0 

DAYS 

1.0 
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Volume 


TABLE 2. DisTRIBUTION OF I! AMONG SOME COMPONENTS OF THE CHICKEN 
EGG INCUBATED FOR SEVEN Days! 


per ml. 
Component counts/ volume,? component, per ml. 
distribu- 


tion 


| 


fluid 0.05 


| | 


Fluid yolk 1.0 14,900 185,000 65.0 2.6 


Solid yolk 2.0 1,030 9,000 0.09 


Total Egg 5,400 286,000 100.00 


Remainder 


Approximately minutes after injection radioiodide. 
Volume allantoic fluid and amniotic fluid from Romanoff and Hayward 
Volume fluid yolk and solid yolk from Romanoff (1943). 
Data calculated difference. 


One the striking findings the initial was-that the con- 
centration the blood, carcass allantoic fluid was less than would 
expected the injected were uniformly distributed the egg. 
exploration few 7-day eggs was found (Table that major 
concentration the both regard per cent total dose and 
relative activity occurred the fluid yolk, which had ten times the con- 
centration found the The amniotic fluid had approximately the 
the same concentration the carcass while that the allantoic fluid 
was somewhat higher. number components (e.g., yolk-sac membrane, 
albumen) were not tested and possible that considerable concentra- 
tion may have been present one these sites. For example, 
can assumed that was present the shell, the average 
concentration albumen and membranes would half that fluid yolk. 


DISCUSSION 


The difference the results using 7-day and 9-day eggs cannot at- 
tributed either differences the batches fertile eggs used for the 
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day and for the 9-day eggs, nor differences the composition the 
stock radioiodide solution. The data listed the last line Table and 
solid circles Figures and were obtained eggs from the same 
batch the 9-day eggs. Aliquots the same stock radioiodide solution 
were used. 

The data obtained the present investigation show that the thyroid 
gland the 7-day chick embryo has undergone biochemical differentiation 
the extent that already possesses the ability maintain concentra- 
tion non-precipitable grossly elevated above that the blood. The 
fact that the ratio the concentrations thyroid gland and blood 
was relatively constant while the concentration the blood was drop- 
ping suggests relatively free exchange and equilibration the thy- 
roid gland and blood. The capacity incorporate iodide into organic 
molecules precipitable with Somogyi’s reagent could not demonstrated 
these thyroid glands. binding occurs must much 
slower rate than the thyroid glands the 9-day embryos which were 
found have the capacity incorporate radoiiodide into organic binding, 
addition the capacity concentrate radiodide. 

The above indications biochemical differentiation both appear prior 
the development follicles the chick embryo. has been possible 
demonstrate colloid-like material with the acid-Schiff method 
the stage which organic binding radioiodide was detected (9-day 
thyroids) and demonstrate almost complete absence this material 
when radioiodide binding was not detected. contrast, organic-bound 
iodine has been reported occur prior the appearance both follicles 
and colloid the thyroid gland the fetal pig (Rankin, 1941) and the 
fetal calf (Koneff, Nichols, Wolff and Chaikoff, 1949). 

There apparent contradiction between the present data demon- 
strating that the thyroid glands the 9-day embryo have the capacity 
bind iodide, and the work Sun (1932), Hopkins (1935), and Hansborough 
and Khan (1951), who were not able demonstrate organic bound iodine 
before the tenth eleventh day incubation. This contradiction may not 
real one. The present data demonstrate qualitative capacity 
incorporate available radioiodide into organic binding. There reason 
believe that the radioiodide which was bound the thyroid gland had 
equilibrated with endogenous iodide the egg, that endogenous iodide 
was present the blood the embryo and available for the thyroid gland 
concentrate and bind. Sun’s (1932) measurements the total iodine 
concentration the thyroid gland the and 10-day embryos when 
compared with the present data suggest that either endogenous egg iodine 
not available the embryonic thyroid gland that the actual rate 
binding available iodide quantitatively slow the ninth day. 
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Hansborough and Khan’s (1951) radioautograph studies (in which the 
radioiodide was injected into fertile eggs prior incubation, and which 
case might safe assume that the radioiodide had equilibrated with 
endogenous iodide) suggest that the per cent the endogenous iodide 
that bound the thyroid gland too small detect their method 

attempt has been made determine the stage which protein 
binding radioiodide begins. This may difficult thing for, 
shown Wolff, Chaikoff and Nichols (1949), the calf the concentration 
bound thyroid iodine increases gradually but continuously throughout 
the period fetal life which they studied. this general, the fixed 
sensitivity radioautograph procedures conventionally done may 
not entirely satisfactory for determining onset function, since 
the sensitivity fixed, i.e., the dose exposure time, and the sensi- 
tivity the film are fixed, the measurements will probably give too late 
time interval for onset binding. For, thyroid activity increases grad- 
ually during fetal life, increases the sensitivity the procedure might 
expected allow detection positive radioautograph progressively 
earlier stages development. 

Removal injected radioiodide from the blood and equilibration be- 
tween the blood and the were rapid. However, the concentration 
the various parts the egg was not uniform. the 7-day embryos 
only the fluid yolk had concentration greater than that expected from 
uniform distribution throughout the egg contents. The concentra- 
tion the fluid yolk was ten times that the blood, suggesting 
that the yolk-sac membrane has active concentrating mechanism for 
iodide. 


SUMMARY 


Radioiodide was injected into allantoic vein 9-day and 7-day chick 
embryos. Quantitative determinations thyroid gland, carcass, 
and blood were made using Geiger tubes. few embryos fluid and solid 
yolk, allantoic fluid and amniotic fluid were also assayed. 

The thyroid glands both the and 7-day embryos concentrated 


After this manuscript was submitted for publication two papers became available 
which support and supplement these remarks. Stoll and Blanquet (Annales d’En- 
docrinologie, 13: 569. 1952) found that six hours after radioiodide was administered 
7-day egg the content per unit weight the thyroid was higher than that the heart. 
contrast, Blanquet, Stoll and Capot (C. Soc. Biol. 146: 1103. 1952) found that 
when radioiodide was administered laying hens 100 per cent the the 
egg was found the yolk plus albumen. was found the embryo until the eighth 
day, and none the thyroid until the tenth day. 
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9-day thyroids, the concentration averaged 5000 times that 
blood, and most this was organic bound. The 
7-day glands was 400 700 times that the blood, and almost all ap- 
peared non-precipitable and freely exchangeable with blood 
concentration the carcass was about 0.7 0.9 times that blood. 

The fluid yolk accumulated the greater proportion (65%) the total 
dose within relatively short time (1.5 hours). 
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EFFECTS ANDROGENS AND ESTROGENS 
INBRED 


From the Cancer Research and Cancer Control Unit, and the Department Biochem- 
istry and Nutrition, Tufts College Medical School Boston, Massachusetts 


RECENT years, Morrow al. (1949, 1950) reported that certain 
pure inbred strains mice exhibited strikingly low concentrations 
the liver, spleen and kidney. Cohen and Bittner (1951) 
found that mammary tissue activity bore relationship 
the strain mice employed, extremely low concentrations being found 
the C3H strain 

Among the interesting questions which these findings provoked the 
one whether not tissue these low-glucuronidase 
strains responsive extrinsic factors. known that certain glu- 
curonidogenic drugs will produce increase activity 
the non-sex organs (Fishman, 1940)) and that estrogen will restore 
uterine activity the castrated mouse normal levels 
Fishman and Fishman, 1944; Fishman, 1947) with alteration the 
non-sex organ glucuronidase. (Fishman, 1947; Harris and Cohen, 1951). 
exception this lack effect the non-sex organs was reported 
Kerr, Campbell, and Levvy (1949) who found that estrone but not estriol 
estradiol produced increase liver all these 
experiments, mice mixed strain were employed. Accordingly, investiga- 
tion was undertaken explore the effect extrinsic factors with regard 
organ activity inbred mice. 

previous paper, (Fishman, 1951) was reported that stilbestrol 
stimulated liver but not kidney activity C3H mice 
whereas testosterone and methylandrostenediol produced striking in- 
crease kidney but not liver The present paper repre- 
sents essentially systematic investigation the effects the estrogen 
and androgen one mouse strain (C3H) and one 
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high-8-glucuronidase strain (129). addition, new data are presented 
tissue glucuronidase number mouse strains. 


METHODS AND EXPERIMENTAL PROCEDURES 


Mice pure inbred strain were obtained from the Jackson Memorial Laboratories, 
Bar Harbor, Maine and, general, were arranged groups animals for the 
experiments. These mice, weighing 20+3 grams, were approximately two months old. 

activity was determined the method Fishman, Springer, and 
Brunetti (1948) with modifications (Fishman, Kasdon, and Homburger, 1950) employ- 
ing acetate buffer homogenates tissue. These were prepared homogenizing small 
amount tissue (15-60 mgm.) ec. 0.1 acetate buffer (pH 4.5). Duplicate 
specimens 0.1 the well-shaken homogenate were taken for analysis. Following the 
hydrolysis phenolphthalein acid, the liberated phenolphthalein was 
measured colorimetrically. activity has been expressed the usual units 
per gram wet tissue. (Fishman, Springer, and Brunetti, 1948). the case seminal 
vesicles and uteri, the secretions were expressed and the tissues dried with filter paper. 
These tissues were then weighed microtorsion balance and later homogenized and 
assayed described above. 

Mice both sexes the following strains were sacrificed cervical fracture and 
determinations were made the activity liver, kidney, and spleen; 
C3H, AKR, CAF,, DAH and 129. 

order study the effects sex hormones tissue mice both 
sexes the C3H and 129 strains were selected and arranged suitable groups. Untreated 
groups received injections peanut oil (0.1 ml.) every other day for days serve 
controls the experimental groups which received 500 micrograms either stil- 
bestrol testosterone propionate both 0.1 ml. peanut oil under the same dosage 
regime. the castrated animals, period approximately days was allowed 
elapse before injections were begun. all mice, determinations were 
performed the fresh liver, kidney, and spleen. Assays uterine and seminal vesicle 
were done female and male animals respectively. 

Experiments were performed discover the effect testosterone propionate 
kidney mice several pure inbred strains and estimate dosage- 
response curve for two strains mice. 


RESULTS 


Strain and sex differences. the six strains studied, four CAF,, 
129, DBA) were found high-B-glucuronidase strains and two (C3H, 
AKR) strains (Table 1). The Bar Harbor AKR can 
now characterized strain well one highly 
susceptible spontaneous leukemia. The kidneys male mice the 
CAF,, AKR and DBA strains assayed higher glucuronidase activi- 
ties than did the kidneys female mice the corresponding strain. 
However, mice the C3H and 129 strains showed sex difference with 
respect kidney 6-glucuronidase. 

Effects castration tissue activity are recorded 
Table along with the significance the differences the means (Table 3). 
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TABLE 1. A STUDY OF TISSUE B-GLUCURONIDASE IN RELATION TO STRAIN AND SEX 


Tissue activity (Units/Gram) 


Kidney Spleen (No.) 


Liver (No.) 


AKR 449 (12) 1938 (12) 415 (12) 
671 (18) 1748 (18) 519 (18) 


BAF 1829 (6) 4940 (6) 
4632 (6) 3134 (6) 


CAF 1803 (6) (6) (6) 


(6) 7712 (6) 3187 (6) 
1460 (6) 6878 (5) 4050 (6) 


1547 (8) 4515 (8) 
3192 (10) 4613 (9) 4278 (10) 


the 129 strain, castration the females resulted elevation liver 
and spleen and decrease uterine enzyme, whereas 
the male sex, only the seminal vesicles underwent change (increase). 
the females the C3H strain, castration caused change 
curonidase activity except for questionable increase kidney enzyme. 
The male C3H mice behaved similar fashion the 129 animals, only 
seminal vesicle increasing. 

Testosterone propionate (Tables and produced marked elevations 
kidney mice both sexes, intact and castrate, the 
129 and C3H strains. Other responses common both strains were the 
reduction uterine the intact mice and the decrease 
seminal vesicle Whereas, the mice, liver and 
spleen enzyme levels remained essentially unchanged, the 129 mice, the 
liver the intact female and liver and spleen castrate males showed 
increase while the spleen castrate females exhibited decrease 
their enzyme values. 

administration (Tables and 3). Except for the castrate male 
C3H mice, experimental groups showed change kidney 
dase activity. Other findings common both strains were the reduction 
seminal vesicle intact male mice and the increased 
activity the castrated males. Although liver was ele- 
vated only intact females the 129 strain, this increase was uniform 
finding all four experimental groups C3H mice. Increases spleen 
6-glucuronidase were observed both sexes 129 strain mice but only 
the males (both intact and castrated) C3H mice. Uterine 
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Kidney Liver Spleen Uterus 
(CASTRATION) 
Intact 1,376 (6) 3,187(6) 7,712(6) 2,827 (6) 
129 Castrate 4,258(10) 6,136 (10) (7) 
C3H Intact 301 (5) 1,036 (5) 
C3H Castrate 403 (6) 575 1,085 (6) 

(TESTOSTERONE PROPIONATE) 

129 Intact 5,895 (6) 1,942 (6) 
6,098 (6) 3,400(6) 6,487 (6) 3,400 (6) 
129 14,230(5) 5,802(5) 10,888 (5) (5) 
C3H Castrate 1,991 (6) 664 (6) (6) 638 (6) 

(STILBESTROL) 

Intact 1,658 (6) 17,208(6) 4,148 (6) 
129 5,068(4) 9,795(4) 4,018 (4) 
129 4,806(5) 11,406 (5) 7,593 (4) 
C3H Intact 305 (6) 1,043 (6) 
C3H Castrate 365 (6) 1,018 (6) 1,165 (6) 

448 (6) 1,369(6) 2,425 (6) (6) 
(TESTOSTERONE PROPIONATE+STILBESTROL) 

129 Intact 2,355 10,444(5) 3,572 (5) 

129 Castrate 3,870 (6) 8,113 (6) (4) 


(6) 


238 (4) 


TABLE COMPARISON DATA C3H AND 129 STRAINS MICE 
Tissue (units/gram) 
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TABLE 3. STATISTICAL SIGNIFICANCE OF DIFFERENCES OF MEAN VALUES 
RECORDED IN TABLE II; ft AND P VALUES 


Comparison Organ 
the means 
Exp. Exp. 


Seminal 
Kidney Liver Spleen Uterus 


vesicles 


(CASTRATION) 


2.5(0.03) 3.7(0.01) 3.7(0.01) 


20(0.01) 
(TESTOSTERONE PROPIONATE) 


1.9(0.1) 
4.5(0.01) 
13.5(0.01) 
3.3(0.01) 
3.8(0. 


3.2(0.01) 

9.0(0.01) 


4.0(0.01) 

3.1(0.01) 


(TESTOSTERONE PROPIONATE+STILBESTROL) 


3.4(0.01) 3.9(0.01) 
8.8(0.01) 7.8(0.01) 


3.2(0.01) 


= 


_ 


Statistical studies were done only where the differences between the means were greater 
than 33% the lesser value. This accounts for the blank spaces the table. 
dase was raised 129 intact and castrate females but was not changed 
the corresponding groups the C3H strain. 

Testosterone propionate plus stilbestrol (Tables and Androgen and 
estrogen exhibited neutralizing actions each other some organs but 
not others depending the strain, the sex and the presence absence 
the gonads. Thus, estrogen, sometimes partially and other occasions 
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wholly, prevented the characteristic elevation kidney 6-glucuronidase 
testosterone propionate both strains. However, the androgen did 
not prevent (except for experiment 28) the estrogen-induced increases 
liver C3H (experiments 29, 30, 31, 32) and 129 (experi- 
ment 25) mice affect liver enzyme values (experiments 26, and 
28). the spleen, androgen counteracted the enzyme-enhancing effect 
estrogen only intact male and female 129 mice, while, the uterus, 
androgen effected little change the activity when 
compared with the values seen the groups given estrogen alone. Seminal 
vesicle maintained levels similar those corresponding 
groups given androgen alone all experiments except number 28. 
Dosage-response curves. Data relating kidney 6-glucuronidase dosage 
testosterone propionate C3H and Cloudman male mice appear 
Figure Evidently, testosterone propionate physiological amounts 
capable causing significant response kidney 
Kidney glucuronidase response testosterone various strains mice. 
The kidney response testosterone propionate differs 
with the strain animal employed (Table 4). Thus, two levels stimula- 
tion were observed. The 129 and DBA strains exhibit 5-fold increase 


B-GLUCURONIDASE 
/GRAM 


TESTOSTERONE 
PROPIONATE 


Testosterone propionate dose-response curve. Each experimental point 
the average the activities the kidneys each group male 
mice. The daily dosage testosterone propionate indicated the figure and the 
length the experiment was days. 
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and the C3H, AKR, BAF,, and Cloudman, 9.5 12.5-fold 
elevation. may noteworthy that both strains fall 
into the second category. 


PROPIONATE INBRED MICE (MALE) 


Strain Control animals Experimental animals Percentage increase 
129 1,460 (6) (6) 416 
C3H 287 (10) 2,738 (5) 955 
AKR 650 (6) (6) 1,110 
DBA 2,821 (10) 14,214 (7) 505 
2,655 (6) (7) 990 
3,780 (6) ,450 (7) 675 


DISCUSSION 


this study new low strain (Bar Harbor AKR) has 
been discovered. present, the following strains are known belong 
this category, C3H (Heston, Bittner, Andervont) DBA (Andervont). Law, 
Morrow and Greenspan (1952) have reported that the inheritance the 
low liver C3H mice characteristic single reces- 
sive gene. Although strain differences have been reported for few other 
enzymes, this phenomenon has been studied systematically only with 
regard the inheritance 6-glucuronidase. would appear, therefore, 
that mice, the genetic background the animal impcrtant factor 
determining tissue 6-glucuronidase activity. 

has now been established, confirming our previous data (Fishman, 
1951) that sex hormones have the ability increasing the 


activity certain tissues mice both low- and 
strain. 


Androgen 


the case androgen (testosterone propionate), was possible 
increase regularly the kidney levels far above the 
highest values encountered any untreated normal mice. This phenome- 
non has been demonstrated both C3H and 129 strains mice (Table 
and five other strains studied. the 129 strain, several occasions, 
elevations were seen also liver and spleen, such changes 
being absent corresponding groups mice. Testosterone propionate 
prevented the characteristic rise the seminal vesicles 
which ordinarily follows the castration males both strains. 


Estrogen 


The action estrogen (stilbestrol) the other hand, differed from 
androgen that kidney 6-glucuronidase was essentially unaffected, and 
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liver and spleen showed significant increases, the extent 
which depended the strain and condition the animals. However, 
experiment C3H mice was possible increase liver 
dase the levels found high strains. This finding con- 
trasts with the behavior kidney testosterone-treated 
low-glucuronidase strains. Seminal vesicle was increased 
stilbestrol. The experiments Table were all repeated using 
instead 500 estrogen and the corresponding results were essentially 
identical except that, the 129 strain, spleen was the 
range the corresponding untreated control animals and the liver 
glucuronidase mice did noot increase. 


Testosterone-propionate and stilbestrol 


these experiments, stilbestrol always counteracted the action an- 
drogen kidney but androgen had antagonistic 
action towards stilbestrol’s action liver, and only occasionally, spleen 
The data dealing with the uterus show domination 
the estrogen effects and those concerning seminal vesicles, except for 
experiment 28, resemble closely the results with androgen alone. 

Another point interest the following strain difference: the antagonis- 
more marked the 129 mice than the C3H strain. 

appears that kidney more specifically influenced 
androgen and estrogen than any the other tissues studied. also 
clear from other unpublished experiments dealing with borneol administra- 
tion that the increase found liver means specific 
for stilbestrol. The possibility noted here strain and sex differences 
the ability the liver increase its activity with estrogen 
stimulation may explain the discrepancy the reports Kerr, Campbell 
and Levvy (1949) and Fishman (1947). 


Castration effects 


Clear-cut strain and sex differences have been demonstrated the ex- 
periments concerned with the castration 129 and C3H mice. Thus, cas- 
trated females the 129 strain exhibit significant increases liver and 
spleen which are not seen the corresponding experi- 
ments with C3H mice; castrated males the same strain not show this 
increase. Castrated females 129 mice (as has been reported for White 
Swiss animals (Fishman and Fishman, 1944; Fishman, 1947) show 
significant decrease uterine which not seen C3H 
castrate female mice. the other hand, castrate male mice both strains 
show marked rise the activity the seminal vesicles. 


| 
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Dosage-respon curves 


seen from the dosage-response curves, significant elevations kidney 
activity were obtained with amounts testosterone pro- 
pionate little 0.1 mg. per day. The maintenance the weight the 
seminal vesicles has required much mg. per day. Accordingly, 
the basis these minimal effective doses, may stated that the kidney 
response androgen physiological phenomenon. 


Enzyme response androgen various strains 


The comparison the kidney response testosterone 
propionate inbred mouse strains indicates real quantitative differences 
ranging from 13-fold increments. the only variable which evident 
the strain the animal these experiments, reasonable assume 
that the response testosterone strain-dependent. 
correct assume that this enzyme phenomenon important aspect 
androgen action the kidney, the fundamental question follows 
whether not sex hormone effects general are influenced impor- 
tant degree heredity. 


CONCLUSIONS 


new mouse strain (AKR) has been found; liver, 
kidney and spleen exhibiting enzyme activity the range observed for 
previously reported strains inbred mice. 

comparison was made one high- (129) and one low- 
strain the effects tissue castration 
and the administration stilbestrol and testosterone propionate, alone 
and combination. 

Testosterone propionate produced marked elevations kidney 
glucuronidase mice both sexes, intact and castrate, the 129 and 
C3H strains. This action was neutralized usually part and sometimes 
completely simultaneously administered stilbestrol. 

Stilbestrol increased the activity liver C3H 
mice, although much lower level than was characteristic the liver 
values the high-glucuronidase strains. 

Following castration male mice 129 and C3H strains, seminal 
vesicle increased. Testosterone propionate neutralized 
this action. 

From dosage-response curves completed two strains mice (C3H, 
Cloudman), appears that kidney responded signifi- 


cantly 1.4 mg. testosterone propionate given divided doses over 
days. 
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The response kidney 6-glucuronidase testosterone propionate 
differed with the strain mice employed. 
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EXTENDED SURVIVAL ADRENALECTOMIZED 
RATS POSSESSING EAR- SPLEEN- 
GRAFTED 


From the Department University Illinois, Urbana, 


MOST mammals removal the adrenal glands results deleterious 

changes leading loss body weight and terminating death after 
variable, usually brief, period time. The female ground squirrel 
(Citellus tridecemlineatus) apparently exception this rule since 
lives for periods one year following adrenalectomy (Groat, 1943). 
Its ovaries are altered the extent that some ovarian cells are described 
accountable for increased survival. 

ovary grafted the ear castrate mouse rat becomes 
morphologically and functionally different from control ovaries that 
possesses thecal luteinization and secretes androgen (Hill, 1937a, 
1937b; Deanesly, 1938). ovary transplanted the spleen rat 
becomes markedly luteinized, even the point luteoma format on, 
after period time (Biskind and Biskind, 1944). These two technies for 
producing deviations from normal ovarian structure and function have been 
used study the possibility that transplanted ovaries, like the intact ones 
the ground squirrel, may protect adrenalectomized animals against 
death from adrenal insufficiency. Hill (1948, 1949) demonstrated that ovar- 
ies grafted the ears spleen mice can extend survival time following 
adrenalectomy (averages, days compared days for 
adrenalectomized controls). The present experiment indicates that grafted 
ovaries can extend survival following adrenalectomy the albino rat 
well and that ovaries grafted when immature are effective mature 
ovaries. 


MATERIALS AND METHODS 


200 male and female albino rats the Wistar strain were used this experiment. 
189 these were divided into four groups: 
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Group Adrenalectomized controls. mature males and mature females (weight 
38-170 gm.) were subjected operative procedures before adrenalectomy. 

Group II. Sham-operated adrenalectomized controls. males and females the 
age days (weight gm.) were castrated and implanted with piece uterus 
the size immature ovary into the spleen. 

Group III. experimentals. mature females (weight 40-170 gm.) 
were castrated and autoplastically implanted with ovaries into the ears. 

Group IV. Spleen-implanted experimentals. males and females the age 
days (weight 19-46 gm.) and mature females (40-170 gm.) were castrated. The 
females were then autoplastically implanted with ovary into the spleen and the males 
were implanted with ovary from littermate female into the spleen. 

All animals all groups were bilaterally adrenalectomized weeks after previous 
operations when they matured. All animals were maintained Purina laboratory 
chow and tap water, both libitum. The rats were weighed every days following 
adrenalectomy, and they were examined daily determine survival. The body weights 
and survival times days following adrenalectomy were recorded for rats found dead. 
Since most control rats died within days arbitrarily considered survivors only 
those rats that lived least times that long (75 days). Rats surviving days more 
were examined for presence grossly visible adrenal regrowths and rests the ab- 
dominal cavity, especially the area the kidneys. Reproductive function ear- 
implanted and spleen-implanted mature females which had survived 168 days after 
adrenalectomy was studied observing vaginal smears and copulation plugs. Standard 
histological technics were employed study the structure the grafts and suspected 
adrenal regrowths and rests. 

Those experimental rats surviving more than days were subjected standardized 
stress test (Marmorston-Gottesman and Gottesman, 1928) consisting intraperitoneal 
injections mg. per 100 gm. body weight histamine diphosphate. Under the con- 
ditions this test intact rats survive and completely adrenalectomized rats die within 
hours. Six intact and newly adrenalectomized (3-4 days postoperative) rats were 
used controls. the use the test was hoped that the survival rats possessing 
ovarian grafts could compared with that intact and adrenalectomized controls 
for the purpose determining the adrenocortical-like protective action the ovarian 
grafts. The time death was noted for those rats which died within hours after the 


histamine injection. Death within hours was considered evidence for the presence 
adrenocortical insufficiency. 


RESULTS 


Survival. The results regarding survival are summarized Table 
Group (adrenalectomized controls). out rats which lived longer 
than days (range, days) were found possess large adrenal 
regrowths and hence were eliminated from consideration. out the 
remaining adrenalectomized rats died within days after adrenalec- 
tomy (mean, 13.7+0.6 days; range, days) and one died the 53rd 
day. Two rats this group survived and days; adrenal tissue 
could found account for their prolonged survival. tested the 
method, significant differences survival were found between males 
and females (see Table 2). 
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TABLE SUMMARY SURVIVAL DATA 


No. No. No. 

rats for re- sidered days days 

growths more less 


Adrenalectomized controls 
Sham-operated adrenalectomized 

controls 
Ear-implanted experimentals 


rat died days after adrenalectomy. 
Five rats died 35, 50, 53, 55, and days after adrenalectomy. 


Group (sham-operated adrenalectomized controls). out 
adrenalectomized rats each bearing uterine graft the spleen died within 
days after adrenalectomy (mean, 11.3+0.5 days; range, 5-18 days). 
Two rats were eliminated because adrenal regrowths. The remaining 
rats this group survived 76, 78, and 113 days after adrenalectomy and 
were then killed for autopsy. significant differences survival were 
found exist between males and females this group. 

Since the test revealed significant difference survival between 
rats Groups and II, the results both control groups may com- 
bined: out combined controls survived days following bilateral 
adrenalectomy. 

Group III (ear-implanted experimentals). out rats this 
group had survived the time they were killed the 168th day after 
adrenalectomy. 5th survivor possessed large adrenal regrowth and was 
eliminated from the results. The other rats died within days (mean, 
13.6+1.5 days; range, 7-29 days). shall define survival ratio (a/d) 
the ratio the number rats which survive least days after adrenal- 
ectomy, those which survive less than days, For this group 
4/16, which significantly greater than that the combined controls 


TABLE 2. STATISTICAL ANALYSIS OF SURVIVAL DATA 


Hypothesis 
Survival ratio* independent of: 
Sex sham-operated adrenalectomized controls 
Sex immature spleen-implanted experimentals 

Presence uterine (sham) grafts adrenalectomized 

controls 65: 


Survival ratio the ratio the number rats surviving days longer those 
surviving less than days after adrenalectomy. 

Hypothesis rejected the level confidence. The preceding hypotheses are 
accepted. 
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Group (spleen-implanted experimentals). out rats possess- 
ing implants the spleen survived more than days after 
adrenalectomy but were eliminated from consideration because they 
possessed large adrenal regrowths. the remaining spleen-implanted 
rats survived least days after adrenalectomy (maximum, 168 days) 
before being killed and were found possess adrenal rests regrowths. 
the remaining rats died within days (mean, 14.7+0.7 days; 
range, 8-30 days) and rats this group died 35, 50, 53, 55, and days 
following adrenalectomy. significant survival differences were found 
between males and females, between rats with mature and immature 
ovarian grafts. The ratio (a/d) the number rats which survived 
least days after adrenalectomy, those which survived less than 
days, significantly higher for this experimental group, 18/42, than 
for the controls, 5/77. 

Statistical analysis shows that significant survival difference exists 
between the rats with ovaries grafted the ears and those with ovarian 
grafts the spleen. Thus the combined survival ratio for groups and 
22/58. 

Body weight. The body weights ail rats which survived days 
less showed similar rates decline. Death from adrenocortical insufficiency 
was consistently preceded precipitous drop body weight. general 
those rats which survived days longer showed parallel weight gains 
regardless whether they had received ovarian uterine grafts none 
all. 

Adrenal regrowths and rests. Thirteen rats which had survived days 
were found possess gross adrenal regrowths and had eliminated 
from the survival results (see above). These regrowths appeared the 
usual site the adrenal and sometimes reached normal adrenal size. 
Histological examination the regrowths showed that cords adreno- 
cortical cells differentiated from remnants the adrenal capsule. 
cases were adrenocortical rests such found any rats. 

Ovarian function. The mature female ear-grafted rats which survived 
adrenalectomy were examined for evidence estrous cycles and mating 
behavior. Vaginal smears over 20-day period showed that all the rats 
with ovaries grafted the ears showed normal 4—5 day estrous cycles. 
When estrus these rats were observed mate readily with normal males. 
Presence copulation plugs confirmed that mating had occurred. The rats 
with ovaries grafted the spleen showed evidence estrous cycles, 
nor would they mate. 

Histology. Only spleen-grafted ovaries were examined sufficient num- 
bers permit adequate histological analysis. Ovarian grafts from animals 
which survived for significant period time after adrenalectomy could 
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not consistently distinguished from grafts taken from rats which died 
within the control period. general, the histology these ovaries was 
similar that the grafted ovaries described Biskind and Biskind 
(1944). Ovaries from both groups varied size from mm. 
diameter and some had follicles all stages development, with and 
without ova, and some follicles were cystic. All ovarian grafts were heavily 
luteinized had infiltration connective tissue into the corpora lutea. 
The ovarian grafts from animals that failed survive usually were or- 
ganized into discrete, normal-appearing corpora lutea, often surrounded 
scanty connective tissue stroma. the other hand the ovaries rats 
which survived beyond the control period showed evidence thecal 
luteinization and possessed islands luteal tissue not organized into 
corpora lutea. These ovaries often appeared disorganized and con- 


TaBLE 3. RESULTS OF THE HISTAMINE TEST FOR ADRENOCORTICAL FUNCTION 


No. rats No. rats 
surviving surviving 
<24 hrs. after >24 hrs. after 
histamine histamine 


Group No. rats 


Intact rats 

Newly adrenalectomized rats days be- 
fore histamine injection) 

Adrenalectomized controls 

Sham-operated adrenalectomized controls 

Ear-implanted experimentals 

Spleen-implanted experimentals 


tained relatively generous amounts connective tissue stroma. The 
corpora lutea these ovaries were rarely normal appearance due 
presence non-luteal cells interspersed among luteal cells, replacement 
the centers connective tissue, complete absence typical luteal 
cells. case did rats possessing ovaries without these histological 
features survive beyond the control period. 

Histamine tests. Table summarizes the results the histamine tests. 
Three male and female rats adrenalectomized days before injection 
histamine became prostrate and succumbed within hour after injec- 
tion. Three intact males and intact females all regained usual activity 
within hours and survived observation period hours. The ability 
spleen-grafted ovaries prolong survival times adrenalectomized 
rats did not necessarily equip them withstand histamine stress. This 
seen the fact that out the rats which received ovarian 
the spleen failed survive hours after injection. 
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DISCUSSION 

The data presented here indicate that rat ovaries, transplanted the 
ears spleen albino rats, protect significant proportion such rats 
against weight loss and death from adrenocortical insufficiency for 
days longer following adrenalectomy. These results corroborate those 
Hill (1948) who observed that out total 105 mice with ovaries 
grafted the ears, survived beyond the day limit for adrenalecto- 
mized controls. the present experiment 20% the ear-implanted rats 
survived more than days after adrenalectomy, whereas survival was 
49.1% for Hill’s ear-implanted mice. mice with ovaries grafted the 
spleen, Hill (1949) found that out females, 68.1%, survived 
variable periods beyond days. Survival beyond days following 
adrenalectomy for our spleen-implanted rats was 27.7% compared 
68.1% survival beyond days for Hill’s spleen-implanted mice. 
difficult explain these species differences; however should empha- 
sized that these figures represent more agreement than they seem show 
since Hill did not apply the criterion that animals must live least 
days after adrenalectomy order counted survivors. 

The survival-prolonging function rat ovaries apparently independ- 
ent other ovarian functions. Since ovaries immature rats afford pro- 
tection against death from adrenocortical insufficiency equal that 
ovaries adults, the present data eliminate maturation and estrous 
cycling ovaries previous transplantation necessary condition 
for prolongation survival time. 

Deanesly (1938) described process ovaries 
grafted the ears castrated male rats. She the observed 
androgenic activity such ovaries their state thecal luteinization. 
the present experiment, ovaries rats whose survival exceeded 
days after adrenalectomy possessed extensive luteinization beyond the 
limits any corpus luteum. Many the rats which died within the 
control period had ovaries with large amount luteal tissue but all 
cases was confined the limits corpora lutea. likely that this dif- 
ference organization the luteal tissue the two groups associated 
with differences survival. Very possibly the cells the ground squirrel 
ovary which Groat (1943) described were, 
fact, luteal cells. 

not understood why survival was not extended for all adrenalecto- 
mized mice and rats possessing ovarian transplants. However not too 
much should expected grafted ovaries since even adrenals trans- 
planted similar sites offer only partial effectiveness with respect life- 
prolongation (Stolpe and Schreiber, 1952). 
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Komrad and Wyman (1950) found that adrenal glands auto-trans- 
planted the dorsal musculature could protect all their rats against 
injection histamine (in the same form and dosage the present 
experiment) after minimum days following transplantation. How- 
ever, more than half our rats with spleen-grafted ovaries did not survive 
injection histamine, although all rats with ear-grafted ovaries did 
survive. Stolpe and Schreiber (1952) found that when adrenal glands were 
auto-transplanted the same sites, spleen ears, recipient rats survived 
histamine stress better than rats with ovarian transplants unless 
sufficient exogenous ACTH was previously administered. may 
possible that grafted ovaries require stimulation anterior pituitary 
hormone order exercise full protective action against histamine 
stress. 

Two hypotheses suggest themselves explanation the mechanism 
the life-prolonging action grafted ovaries. The first that the grafted 
ovaries, consequence their ectopic position, secrete one more sub- 
stances qualitatively different from other ovarian secretions 
prolonging action. precedent for this supposition the androgenic 
function ear-grafted ovaries mice and rats (Hill, 1937a, 1937b; 
Deanesly, 1938; Lampton and Miller, 1940; Hernandez, 

The second hypothesis that the grafted ovaries, highly luteinized, 
secrete sufficient progesterone account for increased survival after 
adrenalectomy. Much evidence, direct and indirect, has indicated that 
progesterone able increase survival rats for rather short periods 
time following adrenalectomy (Gaunt, Nelson and Loomis, 1938; 
Greene, Wells and Ivy, 1939; Emery and Greco, 1940). experi- 
ments our laboratory demonstrate that progesterone ineffective 
prolonging survival rats more than months after complete removal 
adrenocortical tissue. For this reason, the first hypothesis preferred. 


SUMMARY 


Twenty adult female Wistar rats were castrated and autoplastically 
implanted with ovary into each ear. Eleven adult females were cas- 
trated and autoplastically implanted with ovary into the spleen. Fifty- 
four 21-day old males and females were also castrated and auto- homo- 
plastically implanted with immature ovary into the spleen. These 
rats were adrenalectomized weeks postoperatively, when mature. 
Forty-eight adult and immature adrenalectomized rats and immature 
castrated sham-implanted adrenalectomized rats served controls. 

Seventy-seven out control rats died within days after adrenalec- 
tomy, and survived days longer. Four out ear-implanted and 
out spleen-implanted experimental rats survived days longer, 
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significantly larger proportion than among the controls. There were 
differences survival ratio between the sexes, between mature and im- 
mature rats, between ear- and spleen-implanted rats. 

Ovarian grafts from surviving rats possessed abundant luteal tissue, 
much not organized within corpora lutea, whereas the ovarian grafts 
from animals which died within the control period had luteal tissue mostly 
restricted corpora lutea. 

The ear-grafted ovaries supported normal ovarian cycling and mating 
behavior and protected against death from histamine poisoning. The 
spleen-grafted ovaries exhibited cyclic behavior and protected only 
out surviving rats against death from histamine poisoning. 

hypothesized that ear- and spleen-grafted ovaries, consequence 
their ectopic position, secrete one more unknown substances which 
have life-prolonging action for adrenalectomized rats. 
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LYCOGEN has been implicated endochondral calcification Gut- 
man and Yii, (1950) their studies the effect several specific 
inhibitors the enzymes the glycolytic system. Moreover, Marks and 
Shorr (1950) have shown that marked diminution the vitro cal- 
cification cartilage slices occurs after preliminary amolytic digestion 
the glycogen present epiphyseal cartilage. Since the immature 
hypophysectomized rat ossification markedly retarded, was considered 
interest determine the effect hypophysectomy the glycogen 
content actively growing bone. Furthermore, since the administration 
growth hormone reactivates osteogenesis immature hypophysec- 
tomized rats, study was made the effects growth hormone treatment 
the glycogen content bone. 


METHODS 


Female rats the Long-Evans strain were used. Normal animals twenty-one days 
and older had unrestricted access Diet XIV; hypophysectomized animals were given 
Diet XIV and lettuce, supplemented with wet Diet I.* 

For the determination glycogen, the following procedure was employed. The left 
tibia the rat was removed under amytal anaesthesia and rapidly cleaned muscle 
and connective tissues. The fibula was cut off flush with the surface tibia and dis- 
After cutting the tibia half both length and cross wise, the tibia was placed 
ml. hot 30% KOH and digested for hours boiling water bath. The centrifuged 
digest was then transferred into test tube graduated ml. volume and the bone 
residue remaining was washed twice with ml. portions 30% KOH. the ml. 
volume the digest, 0.3 ml. was added followed ml. absolute ethanol. 
After mixing and bringing momentary boil, the tubes were chilled for least 
hours The precipitate was then centrifuged and the supernatant fluid decanted. 
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The precipitate was washed once with 70% and then 95% ethanol and dried. After dis- 
solving the precipitate either ml. water, depending the quantity gly- 
cogen expected, 0.8 ml. aliquots were removed for analysis modification the 
anthrone method (Viles and Silvermann, 1949). The 0.8 ml. aliquots were delivered into 
ml. glass stoppered volumetric flasks containing magnetically stirred The 
flasks were then chilled crushed ice bath. With the “flea” stirring vigorously, 2.0 ml. 
anthrone reagent (0.15% 95% was added rapidly and stirred exactly one 
minute. The volumetric flasks were then transferred boiling water bath for exactly 
minutes which point maximum color development occurs under the conditions 
here employed. The flasks were then chilled rapidly the crushed ice bath and diluted 
volume with 2.5:1 Optical density was measured 625 Standards 
twice reprecipitated glycogen were analyzed with each series samples, since color 
development varies slightly with the age the anthrone reagent. Analyses known 
solutions average 98% recovery this method. 

Solutions purified chondroitin sulfate react with anthrone reagent give ab- 
sorption curve with maximum The presence chondroitin sulfate cartilage 
presented the possibility interference the determination glycogen. This was ruled 
out digestion purified solutions sulfate 30% KOH for hours 
boiling water bath temperature, after which time virtually color development occurs. 
Furthermore, digestion the glycogen obtained from bone with salivary amylase and 
analysis according the above procedure resulted complete absence color develop- 
ment indicating that the chromogenic substance being determined glycogen uncontam- 
inated with chondroitin sulfate. 

The growth hormone used was prepared according the procedure Wilhelmi 
al. (1948) from beef anterior pituitaries and was electrophoretically homogeneous 
4.0 and 10.0. The minimum effective doses for the demonstration contaminating 
hormones were determined histologically day old hypophysectomized female 
rats (injected for days) and were found follows: thyrotropic, 0.5 mg.; inter- 
stitial cell stimulating, 0.5 mg.; adrenocorticotropic, mg.; follicle stimulating, mg. 
The minimum effective dose for growth hormone was gamma determined the 
tibia assay method Greenspan al. (1949). 


RESULTS 


Variations Tibia Glycogen Content with Age Normal Animals and 
with Post-operative Period Hypophysectomized Animals. The tibias 
groups normal female rats varying age from days were 
analyzed for glycogen. The analytical values are presented Figure 
graphical form and are plotted function age. evident from the 
curve that maximum glycogen content the tibia reached approxi- 
mately days age following which there occurs rapid decline par- 
ticularly notable between and days and declining less precipitously 
thereafter. the period between about and days the glycogen con- 
tent the tibia remains quite constant but appears drop sharply after 
this age. 

Female rats after hypophysectomy days age contain consider- 
ably less glycogen their tibias compared normal animals corre- 
sponding age. The quantitative values are presented the curve for hypoph- 
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ysectomized animals Figure Quite outstanding the marked de- 
crease glycogen content the tibia which occurs during the two weeks 
following hypophysectomy. Thereafter the decline ceases and constant 
glycogen content appears maintained. 

Effect Extended Treatment with Growth Hormone Glycogen Content 
Tibia Hypophysectomized Rats. The animals constituting this series 


0.45 
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Hypophysectomized, Untreated 


Age 


AGE DAYS 


The variation tibia glycogen content with age normal rats, with post- 
operative period hypophysectomized rats, and the effect growth hormone treatment 
hypophysectomized rats. The figure adjacent each point represents the number 
tibias analyzed. 


experiments were injected with 150 gamma the purified growth hormone 
daily beginning with the day following hypophysectomy. One group 
animals was thus injected for days, second for 14, and third group 
for days. The results the various periods growth hormone treat- 
ment are given Figure (Hyp+G.H.). evident that treatment 
hypophysectomized female rats under the given conditions maintains the 
glycogen content the tibia normal level during and weeks in- 
jection with growth hormone following hypophysectomy. Furthermore, 
whereas the glycogen begins fall rather sharply after days age 
normal animals, the glycogen content the treated hypophysectomized 
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rat tibia the corresponding age still increasing after weeks injection. 

Hormone Tibia Glycogen Content Two-week Post- 
operative Animals. The data presented the preceding paragraphs indicates 
that growth hormone capable preventing the marked decline the 
tibia glycogen content which follows hypophysectomy. order deter- 
mine whether growth hormone capable restoring normal the 
glycogen content tibia which are already depleted glycogen, the fol- 
lowing experiment was performed. Hypophysectomized female rats 
days old, days postoperative were injected daily for days with various 
doses growth hormone. The animals were autopsied the fifth day and 
tibia glycogen analyzed. The results are presented Table and indicate 
that the glycogen content can restored normal sufficiently large 
doses are given. 


TABLE 1. THE EFFECT OF GROWTH HORMONE ON TIBIA GLYCOGEN OF 
HYPOPHYSECTOMIZED RATS 


Total dose growth 


Number animals Type and age hormone per days Tibia 

(mg.) 

.29) 

Hypophysectomized day 0.15 
+13 day postoperative 

Hypophysectomized day 0.1 0.17 
+13 day postoperative 

Hypophysectomized day 0.5 0.20 
+13 day postoperative 

Hypophysectomized day 1.0 0.24 


Mean value and range variation. 


Normal female rats, days old and averaging 110 grams weight, when 
treated with mg. dose growth hormone for days showed change 
tibial compared with uninjected controls. Over this period 
treatment, the injected animals averaged gram weight gain above the 
controls. 

Effect Growth Hormone Tibia Glycogen Content Fasted Hy- 
pophysectomized Rats. fasting hypophysectomized rats, glycogen stores 
the gastrocnemius and heart muscle are abnormally depleted (Illing- 
and Russell, 1951). However, when growth hormone administered 
such animals during the fast, restoration glycogen stores fasting 
levels the intact animal occurs. determine whether tibia glycogen 
behaves similarly the following experiment was carried out. Hypophysec- 
tomized female rats were fasted hours receiving growth hormone 
and hours fasting. The glycogen content the tibias compared 
that onset fasting and uninjected fasting hypophysectomized 
controls time autopsy are presented Table The data indicate 
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that neither fasting nor growth hormone treatment effected any alteration 
the glycogen content the tibia. The ineffectiveness growth hormone 
under these conditions probably attributable the relatively short 
duration treatment. However, the hour period fasting adequate 


deplete muscle glycogen stores abnormally hypophysectomized rats 
(Russell, 1950). 


TABLE 2. THE LACK OF EFFECT OF GROWTH HORMONE ON TIBIA GLYCOGEN 
OF FASTING HYPOPHYSECTOMIZED RATS 


Number animals Type and age Treatment Tibia glycogen 


day postoperative, Onset fast 

days old 
day postoperative, 0.5 mg. 0.15 

days old 


Mean value and range variation. 


SUMMARY 


The glycogen content the tibia from young normal, hypophysec- 
tomized, and growth hormone-treated hypophysectomized rats has been 
presented. The glycogen content the tibia from immature hypophysec- 
tomized rats was found decrease after operation more markedly than 
unoperated animals corresponding age, and reached constant low 
level about two weeks postoperative. treating hypophysectomized rats 
with growth hormone daily for one three weeks after operation, was 
possible maintain the glycogen content the tibia normal higher 
levels. The administration growth hormone hypophysectomized 
rats already possessing low content tibia glycogen increased this 
normal when given sufficiently large doses. Twenty-four hours fasting 
did not further alter the low glycogen content the tibia hypophysec- 
tomized rats, nor was there any detectable change when growth hormone 
was administered during the fast. 
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THE ENTEROHEPATIC CIRCULATION THYROXINE 
THE 


Department Physiology the University California School Medicine, Berkeley 


WAS reported previously that, the rat, thyroxine excreted pri- 

marily way the bile and that the excretion product thyroxine- 
containing compound which have designated (Taurog, 
Briggs, and Chaikoff, 1951, 1952). This compound the normal, physio- 
logical excretion product thyroxine the rat, and has tentatively been 
identified the glucuronide thyroxine. 

The existence such mechanism for the excretion thyroxine raises 
the question its effect the reabsorption the hormone from the 
gut. our earlier work, was found that large fraction injected 
thyroxine appeared the feces. This finding, together with the observa- 
tion that there discernible Compound rat plasma, led 
suspect that thyroxine, the form Compound not well absorbed 
from the intestinal tract. 

The present report describes some experiments designed study more 
directly the circulation thyroxine and the manner 
which affected the conversion thyroxine Compound 


EXPERIMENTAL 


The general design the experiments was follows: Bile was collected 
fistula from groups donor rats: rats injected with 100 125 ug. 
L-thyroxine (rats Table 1); untreated rats (rats 
Table 1). The bile obtained from the untreated rats was made 
contain known amounts either L-thyroxine 
Compound the addition purified samples these compounds 
(Table 1). The bile samples prepared described above were then dripped 
slowly, via the bile duct, into the duodenums recipient rats. (The treat- 
ment both donor and recipient rats shown Table 1.) The bile pro- 
duced the recipient rats was collected fistula, analyzed for total 
and, where the amount activity was sufficient, fractionated the 
method filter paper chromatography. The details these procedures are 
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TABLE 1. TREATMENT OF DONOR AND RECIPIENT RATS 


Recipient rat 


Donor rats 
Interval 


olume during bile was rats infused bile 
infused 
A-C Injected with 100 Compound (62%); 
(pooled bile) radiothyroxine thyroxine (36%) 
A-C Injected with 100 ug. Compound (62%); 
(pooled bile) radiothyroxine thyroxine (36%) 
(pooled bile) radiothyroxine thyroxine (36%) 
6.5 Injected with 125 Compound thyroxine* 
radiothyroxine 
radiothyroxine 


The bile which was infused into rats and contained much more Compound than 
thyroxine, shown the radio-autograms the chromatograms. Quantitative estimates 
the relative amounts were not made, however. 


described below. Intestinal absorption the infused was determined 
the recipient rats the difference between administered and 
appearing feces and gastrointestinal contents. 

Preparation (Glaxo Labora- 
was incubated 60° with molecular iodine 
per cent ethanol solution After minutes the thyroxine 
was precipitated the addition water, centrifuged, and washed several 
times with water. The thyroxine crystals were dissolved small amount 
0.02N and the desired volume made with isotonic The 
activity the final product was generally about per ug. 
purity previously described (Taurog, Briggs, and Chaikoff, 1952). 

the various tissues the rat was determined dissolving 
the tissue strong alkali, drying small aliquot procelain dish, and 
counting the with end-window Geiger tube. Because the 
limitations this procedure, measurements the rat carcasses were 
subject considerable error, and the cases where the amount 
administered the recipient rats was relatively small, measurements 
are reported. 


are indebted Dr. Hems, Research Division, Glaxo Laboratories, Ltd., 
for generous supply L-thyroxine. 


< 
ra 
560 


May, CIRCULATION THYROXINE 561 


RESULTS 

Experiments with Bile Obtained from Donor Rats Injected with 
Labeled Thyroxine 

Three donor rats (A—C, Table were injected subcutaneously with ap- 
proximately 100 L-thyroxine, and their bile ducts were 
cannulated for bile collection described elsewhere (Taurog, Briggs, and 
Chaikoff, 1951). The bile samples obtained during the interval hours 
after the injection were pooled and saved for injection into recipient rats. 
Analysis this bile the method filter paper chromatography (Taurog, 
Tong, and Chaikoff, 1950) showed that Compound accounted for 
per cent, and thyroxine for 36% the total radioactivity (Fig. 

study the enterohepatic circulation these compounds, recipient 
rats were treated follows: Two cannulae were inserted into the bile duct: 
one was placed the proximal, hepatic, end the duct, and the other, 


Radioautograms ascending filter paper chromatograms: Bile from donor 
rats, used for infusion into recipient rats, 1-3; Bile collected from recipient rat 
7.5-18.5 hours after infusion bile containing added Bile containing 
added Compound for infusion into recipient rat 10, prepared described text. 
Solvent, collidine-water (100:35) ammonia atmosphere. origin; Compound 
Tx, thyroxine; inorganic iodide; solvent front. 


q 
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the distal, duodenal, end (Siperstein, Hernandez, and Chaikoff, 
press). The cannula the distal segment was attached the barrel 
syringe through drip apparatus. cc. the bile obtained from 
the donor rats referred above were added each the 10-ce syringes. 
The height which the syringe was held served control the rate 
which the bile dripped into the rat, and this was made approximate the 
rate which the recipient rat produced bile. Each recipient rat received 
bile for period hours, whereas the bile was collected from this same 
rat for hours. During that hours, bile was collected serially order 
determine the rate well the extent the recirculation 

The rate appearance the bile recipient rats shown 
Figure 2A. Over the entire period hours, only the ad- 
ministered appeared bile. The greatest part this was secreted 
during the first hours. other recipient rats and Fig. 2A) infused 
with bile from separate donor rats and Table 1), 9.3 and 7.6% the 
administered appeared the bile and hours, respectively. Thus 
would appear that after injection thyroxine only about 
10% the excreted into the bile undergoes enterohepatic circulation. 

The fate the rest the that recipient rats 1-3 had received 
shown Table far the largest fraction the infused into the 
duodenums the recipient rats was found the feces (64-76%). 
unlikely, the basis previous work Gross and Leblond (1947), that 
any appreciable part the fecal represents iodine which had been ab- 
sorbed and subsequently resecreted through the intestinal wall. The large 
fraction the appearing the feces, therefore, makes evident that 
approximately 70% the infused was not absorbed. the 30% that 
was absorbed, only about one third was recirculated into bile. 


TABLE ENTERALLY ADMINISTERED RECIPIENT RATS 
(The rats recorded below are the same those referred Figure All values 


} | Infused with bile obtained | 


Infused with bile containing added | Infused with bile containing 
from I'-thyroxine- | 
| intocted sats I31-thyroxine added I'3-Compound U 
| Rat 1 | Rat 2 | Rat 3 Rat 6 | ‘Rat 7 | Rat. 8 | Rat9 | Rat 10 Rat 11 | Rat 12 
— | 65 hrs. | 65 hrs. | 65 hrs. | 64 hrs. | 64 hrs. | 37} hrs. | 67 hrs. | 684 hrs. | 674 hrs.| 49 hrs. 
| Percent Percent | Per cent | | Per cent Percent | Per cent | Per cent | Per cent Per cent | Per cent 
} of | of | of | oO! | of | of | of of | of of 
admin- | admin- | admin- | admin- | admin- | admin- | admin- | admin- | admin- | admin- 
istered istered | istered | istered | istered | istered | istered | istered | istered | istered 
ys | qui jist | [is | | jis jis pas 
Bile 10.9 | 14.7 5.5 20.6 19.5 17.1 | 31.0 20.3 | 9.6 | 12.2 
Feces +gastroin- 
testinal contents 64.6 64.0 75.8 58.8 43.4 44.0 31.8 67.5 75.8 60.0 
Urine* 2.0 0.8 2.3 = 0 2.5 4.6 3.6 0.3 | 0.9 0.7 
Gut 0.5 0.7 0.1 ».3 0.5 0.7 2.9 t 1.8 2.1 
Thyroid 3.7 3.8 6.8 4.7 2.6 2.7 
Careass 11.7 18.3 4.6 11.5 15.4 


* The urine values are only approximate since the urine samples were contaminated with feces. 
+ Measurement not made. 


t Concentration of I too low for measurement. 
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HOURS 


Cumulative excretion I'* bile recipient rats: Rats infused 
with bile obtained from injected rats; rats infused with bile con- 
taining added rats 10-12, infused with bile containing added 
Compound 
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II. Experiments with Bile Which L-Thyroxine Was Added 


The experiments described above were performed with bile containing 
both thyroxine and Compound became interest determine 
whether the enterohepatic circulation these compounds differed, and 
the experiments designed test this point are described the present 
and following sections. 

Nonradioactive bile was collected from donor rats that had not been in- 
jected with Table 1). this bile was added L-thy- 
roxine, prepared described above. cc. such thyroxine-containing 
bile were then infused slowly into the duodenums recipient rats via 
the bile duct, just described Section Rats and received, this 
manner, approximately thyroxine iodine, whereas rats and 
were infused with approximately 0.9 and 0.5 ug. thyroxine iodine, 
respectively. Bile was collected from rats and for hours, and from 
rat for hours. Rat removed its bile cannula after 37.5 hours, and the 
bile collection was therefore terminated that interval. 

The rate appearance the the bile the recipient rats shown 
Figure 2B. 17-31% the infused appeared bile during the collec- 
tion periods. These values are significantly higher than the corresponding 
values observed for rats The biliary excretion the ad- 
ministered rats and which received thyroxine iodine, 
did not differ appreciably from that rats and which received one- 
tenth much thyroxine. 

The bile collected from rats and was analyzed the method filter 
paper chromatography. The radioautograms (Fig. 1b) show that the 
thyroxine which recirculated into the bile was present the 
form Compound Only very small part the appearing bile 
was unchanged thyroxine. The bile from rats and did not contain 
sufficient concentration permit analysis paper chromatography. 

The fate the remainder the thyroxine infused into recipient 
rats shown Table The largest fraction the I'*! was again 
found the feces. However, the total absorption was 41-68%, 
significantly higher (p~.02) than the absorption rats 1-3 
36%, Table 2). 


Experiments with Bile Which Compound Was Added 


Purified samples Compound were obtained the following manner: 
rat was injected subcutaneously with yg. L-thy- 
roxine, and its bile duct was cannulated. The bile was collected during 
interval when the concentration Compound was maximum (e.g., 
hours). was brought with dilute HCl, and extracted 
with equal volume n-butanol. total 200 ul. the butanol extract 
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was delivered portions each filter paper strips. Compound 
was separated from other components bile chro- 
matography collidine-water-NH;, previously described (Taurog, 
Briggs, and Chaikoff, 1952). The sections the filter paper chromato- 
grams corresponding Compound were cut out, and each was eluted 
with approximately 0.3 ml. NaOH. The eluates the strips 
were combined and concentrated volume approximately ml. 
vacuo about 45°. 

Three samples Compound were prepared described above. The 
quantity Compound iodine was estimated from its and 
from the known specific activity the injected thyroxine iodine, the 
assumption that the activity the Compound icdine was very 
close that the injected thyroxine iodine. The Compound samples 
were added nonradioactive bile obtained from donor rats J—L, for in- 
fusion into recipient rats Rat received approximately 0.5 
Compound iodine bile; rat received approximately 1.5 yg. 
Compound iodine ce. bile; and rat 12, approximately ug. 
Compound iodine bile. The infused bile samples were analyzed 
paper chromatography. least 90% the was present the form 

The rate which the infused Compound appeared the bile 
the recipient rats shown Figure (rats Values 9.6, 12.2, 
and 20.3% the administered were obtained hours. These 
values appear somewhat lower than those obtained after the infusion 
bile containing (rats Fig. 2B), although the differ- 
ence between the mean values not statistically significant (0.2>p>0.1). 

The fate the remainder the rats shown Table 
far the largest fraction the administered appeared the feces 
The absorption these rats (24-40%) was significantly 
less than the absorption the rats which received labeled 
thyroxine (41-68%). may concluded, therefore, that Compound 
less readily absorbed than thyroxine from the gastrointestinal tract 
the rat. 

DISCUSSION 


has been demonstrated many investigators, using rabbits (Elmer 
and 1933), cats (Clayton al., 1950), and dogs (Asimow and 
1931; Schittenhelm and Eisler, 1932), that significant portion 
enterally administered dose thyroxine iodine appears the bile. The 
nature this iodine could not determined with certainty previous 
methods, but several workers have suggested the possibility entero- 
hepatic circulation thyroxine (Leblond, 1951; Albert al., 1952). 

The method filter paper chromatography has now made possible 
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separate thyroxine from other closely related iodine compounds. The ap- 
plication this method analysis bile collected from rats injected with 
small doses thyroxine has revealed that, although some un- 
changed thyroxine present, most the the form conjugated 
thyroxine compound which have called Compound 

the experiments reported here, have attempted measure the 
intestinal absorption and the circulation thyroxine and 
its excretion product, Compound Bile obtained from rats injected with 
100 125 yg. and containing the form both Com- 
pound (approximately and thyroxine (approximately was slowly 
infused, via the bile duct, into the duodenums recipient rats. Approxi- 
mately 30% the was absorbed. The bile secreted the recipient 
rats contained 5.5 14.7 (average 9.6%) the administered ap- 
proximately the absorbed From these data may concluded 
that the iodine which secreted into the bile rat following the in- 
jection thyroxine, only about 10% undergoes enterohepatic circulation. 

Experiments were carried out determine whether there was any ap- 
preciable difference between unchanged thyroxine and Compound the 
extent their absorption and enterohepatic circulation. these experi- 
nonradioactive bile. The bile prepared this manner was then infused 
into the duodenums recipient rats from which bile was also collected. 
The rats that received bile containing added absorbed 
(average 58) the administered significantly more than the rats 
the absorbed was recirculated into the bile, mostly form 
Compound 

does not seem likely that absorption Compound depends its 
hydrolysis thyroxine. was reported previously (Taurog, Briggs, and 
Chaikoff, 1952) that Compound not hydrolyzed the enzymes the 
upper intestinal tract, although hydrolyzed the contents the 
lower bowel. 

The finding that Compound less readily absorbed from the gastro- 
intestinal tract than thyroxine provides added evidence that the con- 
version thyroxine Compound mechanism for ridding the or- 
ganism excess thyroxine more efficiently. pointed out elsewhere 
(Briggs, Brauer, Taurog, and Chaikoff, press) that the liver secretes 
Compound into the bile more readily than does unchanged thyroxine, 
and that the conversion thyroxine Compound the rat is, there- 
fore, probably simple detoxification reaction. This detoxification mecha- 
nism, however, quite limited the rat, and seems break down when 
very large doses thyroxine are administered. 
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recent paper, Albert al. (1952) reported the absorption 
thyroxine from isolated portions the gastrointestinal tract the rat. 
Using L-thyroxine obtained from Abbott Laboratories, these 
workers reported 25% absorption from the small bowel. These values 
are somewhat lower than the ones observed here. 


SUMMARY 


The absorption and enterohepatic thyroxine and its 
excretion product, Compound were studied the rat. 

Bile obtained from rats injected with 100 125 yg. 
L-thyroxine was infused slowly, via the bile duct, into the duodenums 
recipient rats. The the infused bile, which was largely the form 
Compound was absorbed the extent 35%. 5.5 14.7% 
the administered appeared the bile secreted the recipient ani- 
mals hours. 

L-thyroxine was added nonradioactive bile and infused 
slowly, via the bile duct, into the duodenums recipient rats. The ab- 
sorption the thyroxine iodine varied from 68%. The which 
appeared the bile secreted the recipient rats varied from 31% 
the administered 

Compound isolated elution from filter paper chro- 
matograms, was added nonradioactive bile and infused siowly into the 
duodenums recipient rats. The absorption the iodine varied from 
40%. The which appeared the bile the recipient rats varied 
from 9.6 20.3%. 

Compound less readily absorbed from the gastrointestinal tract 
than thyroxine. The conversion thyroxine Compound the rat 
therefore permits the animal eliminate excess thyroxine somewhat 
more efficiently. 
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thyroid gland animal chronically treated with thiouracil- 

like drug, although unable manufacture thyroid hormone, mani- 
fests remarkable ability collect and concentrate the iodide ion 
laan and Vanderlaan, 1947; Taurog, Chaikoff, and Feller, 1947). About one 
hour after the subcutaneous administration iodide rats the thyroid 
exhibits average concentration gradient 250 over the serum. Taurog, 
Chaikoff, and Feller (1947) noted this ratio unchanged when 
100 ug. iodide were given adult rats. Vanderlaan and Vanderlaan 
(1947) found that the gradient remained constant when doses 100 
ug. potassium iodide were administered young rats, but that when 
larger quantities were given diminished progressively. However, even 
when 10,000 ug. were given the gradient was not abolished completely, 
concentration fold persisting favor the gland. 

contrast the action the thiouracil-like agents, the antithyroid 
action thiocyanate characterized interference with col- 
lection inorganic iodide (Franklin, Chaikoff, and Lerner, 1944). Thio- 
cyanate has also been shown discharge previously accumulated 
the thyroid gland the rat treated with propylthiouracil (Vanderlaan 
and Vanderlaan, 1947). Recently, has been found (Wyngaarden, Wright, 
and Ways, 1952) that certain monovalent anions, principally the halogen 
oxides, share with thiocyanate the properties inhibiting collection and 
interfering with retention the iodide ion within the thyroid gland. 
Perchlorate, the most potent anion this group, was times effective 
thiocyanate this capacity. The effectiveness perchlorate 
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iodide discharging agent and uptake inhibitor has also been demon- 
strated the thyroid patient (Stanbury and Wyngaarden, 1952). 

The present report describes studies upon the comparative effects 
graded doses four agents, perchlorate, thiocyanate, 
iodide, and nitrate, upon the ability the thyroid gland maintain 
concentration gradient radioiodide over the serum. 


METHODS 
Male Wistar rats groups 24-36 animals, having group average weights 
196 gm., were treated for more days with the antithyroid regimens specified 
Table most experiments, one hour prior the administration radioiodide the 
rats received mg. propylthiouracil intraperitoneally supplement the dietary 
antithyroid agent. Ten radioiodide were then administered subcutaneously 
water, which also contained the desired quantity the anion. Potas- 
sium iodide carrier was given doses 10,000 ug. per rat. The other compounds 
were administered molar equivalents specific dose levels potassium iodide. One 
hour following the administration radioiodide the rats were killed with sodium pento- 
barbital administered intraperitoneally. Blood was withdrawn from the inferior vena cava 
and the serum separated. Thyroid glands were removed, weighed Roller-Smith 
balance, and digested ec. potassium hydroxide containing ug. sodium 
iodide. Two-tenths serum thyroid digest were then evenly distributed upon 
silvered copper planchets, and their radioactivity was determined with the Geiger- 
Muller counter. The ratio radioactivity between thyroid and serum was determined 
for each rat, from the activity data per gram thyroid and per cc. serum (without 
correcting for gravity). correction was applied for the variations average 
weight from group group. 


RESULTS 


Table are given the individual thyroid-serum ratios radio- 
iodine and the gradient averages each dose level for each group. The 
minimal dose levels effecting statistically significant reductions the 
average collection gradients, expressed micrograms potassium iodide, 
equivalent doses other agents, are: KI, 1000; KSCN, 1000; 
1000; 30. 

The average gradients have also been expressed percentages the 
average control gradient. From these values composite averages, adjusted 
each computation for the size the series, have been calculated for 
each compound, and these results are plotted Figure can seen 
that perchlorate was distinctly more potent than the other ions. Not only 
was significant reduction the gradient produced relatively small 
dose this substance, but the rats receiving potassium perchlorate 
doses equivalent 10,000 potassium iodide, the radioiodide ac- 
cumulation gradient was virtually abolished. 

The approximately equal effectiveness molar equivalent 
iodide and thiocyanate noted. This result had been anticipated 
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TABLE 1. RATIO OF THYROID RADIOACTIVE IODIDE TO SERUM RADIOACTIVE IODIDE IN RATS 


INJECTED WITH INCREASING DOSES 


DOSES 


| Group| treat- 
| ment*| 


RADIOACTIVE IODIDE 


OF POTASSIUM IODIDE AS CARRIER, OR OF EQUIVALENT 
OF THE OTHER AGENTS, ACCOMPANYING A CONSTANT TRACER DOSE OF 


Mietenne of potassium iodide, or equivalent dose a inn agent 


Reg. 


100 300 


136. 
59 

139 

115 


96 
+10.7 +6.8 


(92 


Av. 


118 


79 


110+8.1 


90+ 22.4 
(82%) 


+7.8 
(082%) 


(87%) 


4.9 
(25%) 


100% 


104% 


250 
242 
419 


377 
447 
135 
348 


412 
301 


327 
108 

130 


26 
42 
141 


37 
102 
19 


Av. 


327+ 45.3 
(99%) 


(108%) 


+37. 
(49%) 


70 
+24.1 
(21%) 


(17%) 


KSCN 


Total Av. % 


(69%) 


Av. 175+16.1 


(113%) 


+ 27.3 


| I | Rem. 
| PTU 


Av. 185+17.2 


+18.6 +7.9 
(66%) 


(23%) 


(6%) 


(55% 


+2.0 


(52%) 


(12%) 


0. 
(2% 


(4%) 


(100%) (14%) 
(130%) 
Total Av. | 
Reg. 
222 
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TABLE 1—Continued 


Cees | Pre- | Micrograms of potassium iodide, or equivalent dose of other agent 
|ment* | 0 3 10 30 100 300 1,000 3,000 10,000 100,000 300,000 
II | Rem. 301 291 209 104 82 8 
| PTU 124 176 209 185 82 12 
| | 358 138 176 155 57 13 
KCIO, 271 136 300 168 27 13 
2 215 208 135 
+33.4 +36.8 +17.6 +15.4 
(82%) (79%) (51%) (24%) (4%) 
Total Av. (100%) (82%) (79%) (52%) (29%) (12%) 
I | Rem. 207 313 203 192 180 245 
PTU 168 297 74 142 136 116 
256 62 194 29 86 42 
238 89 72 28 63 193 
81 142 69 112 56 39 
Av. 190+21.0 1814+ 35.4 122 101 104 127 
+21.0 +21.6 +15.9 427.5 
(95%) (64%) (53%) (55%) 
PTU 251 456 159 157 248 42 18 
209 222 161 261 135 31 17 
398 176 112 132 120 17 31 
131 105 191 47 39 7 
| Av. 345+48.0 241+ 30.9 186+ 36.0 206 132 33 20 
| +20.8 +22.0 +3.0 +2.7 
(70%) (54%) (60%) (10%) (6%) 


/0 


* Remington diet (J. Nutrition, 13: 223, 1937). 
Regular diet (Purina Fox Chow. Iodine=0.32 mg./100 gm.). 
Thiouracil, 0.2% drinking water. 
Propylthiouracil, 0.1% in diet. 

t Priming dose of 10 mg. propylthiouracil not given. 


} Averages represent: Mean+ probable error of the mean (R). R = .6745 / 


(Stanbury, 1951) from comparison the data Vanderlaan and Vander- 
laan (1947) concerning the effects carrier iodide upon the concentrating 
mechanism, with those Raben and Astwood (1949) concerning the 
effects thiocyanate. 

apparent that considerably larger equivalent doses potassium 
nitrate are required reduce the gradient 10% less the control 
level than the other compounds, despite the fact that terms minimal 
effective dose, nitrate similar iodide and thiocyanate. noteworthy 
(Table that some rats appear quite resistant potassium nitrate 
even doses mg., the equivalents 10,000 30,000 ug. potas- 
sium iodide. 


DISCUSSION 


These results are quantitatively general agreement with those con- 
cerning the effectiveness perchlorate, thiocyanate and nitrates dis- 
chargers thyroidal iodide the intact rat (Wyngaarden, Wright, and 
Ways, 1952). the present study, the order effectiveness these agents 
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100 


NORMALIZED THYROID-SERUM RATIO RADIOIODIDE 


100 1000 10,000 100,000 
300 3000 30,000 300,000 


MICROGRAMS POTASSIUM IODIDE EQUIVALENT OTHER AGENT 


The effects iodide, thiocyanate, perchlorate, and nitrate ions upon the 
concentration gradient when these agents were given increasing doses, accom- 
express the control gradient for each group 100, and averaged for each agent. The 
abscissa the dose potassium iodide equivalent dose thiocyanate, perchlorate, 
nitrate, plotted logarithmically. 


producing profound depression the accumulation gradient is: 
perchlorate, thiocyanate, iodide and nitrate. contrast perchlorate, 
thiocyanate and nitrate, which reduce simultaneously the concentration 
gradient and the total iodide content the gland due inhibition 
uptake, iodide exerts its effect upon the gradient leading partial 
saturation the collecting mechanism (Vanderlaan and Vanderlaan, 
1947). 

Since the efficiency any anion discharging iodide vivo will neces- 
sarily depend part upon its extra-thyroidal disposal rate, studies the 
effects these anions upon tissue slices under conditions controlled 
concentration will necessary establish more exactly the relative 
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potencies antithyroid action. The present evaluations, obtained the 
intact animal, may subject revision when such data are available. 

The mechanism action these agents has not been established. 
Simple competition for collection the thyroid cannot account for the 
action this anion group, since thyroidal accumulation thiccyanate 
ion has been excluded Wood and Kingsland (1950), and that another 
antithyroid anion, iodate, Leblond and Sue (1941). The preferential 
inhibition thyroid function caused these ions apparently not ac- 
companied preferential concentration. Yet the effect excess iodide 
abolishing the antithyroid action thiocyanate (Astwood, 1943) and 
overcoming the interference with iodide collection caused perchlorate 
(Wyngaarden, Wright, and Ways, 1952) suggests that competitive 
mechanism involved. 

preliminary studies the effects graded carrier doses potassium 
iodide, rats were employed which had been made goitrous either using 
chow Remington low iodine diet which had been added either 
thiourea thiouracil (cf. Table 1). These regimes resulted comparable 
degrees thyroidal enlargement. The mechanism action thiouracil 
and propylthiouracil are considered identical. The quantities 
icdide consumed daily the animals the Remington the fox chow 
diet were far below the smallest dose carrier iodide which resulted any 
change the thyroid-serum iodide ratio. would appear that the effects 
the anions studied were independent the regimen employed for goiter 
production. 


CONCLUSIONS 


The effects increasing quantities inert iodide, thiocyanate, per- 
chlorate and nitrate upon the ability the thyroid gland concentrate 
radioiodide have been studied the rat. All these agents caused 
marked depression the iodide concentration gradient existing between 
thyroid and serum, when given sufficient quantities. The most potent 
antithyroid anion was the least, nitrate. The effects molar 
equivalent doses inert iodide and thiocyanate upon this gradient 
were approximately equal. The mechanism action these anions un- 
known. probable that the apparent qualitative similarity per- 
chlorate, thiocyanate, and nitrate with that excess iodide only super- 


ficial. 
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THE ADRENAL CORTEX AND SULFUR METABOLISM: 
THE INFLUENCE AMINO ACID SULFUR 
THE FORMATION LIVER GLYCOGEN! 


JOSEPH GOLDZIEHER,? WILLIAM RAWLS 
MAX GOLDZIEHER 
Research Department, St. Clare’s Hospital, New York City, New York 


NUMBER years ago was demonstrated that oral percutaneous 
administration sulfur rats rabbits resulted adrenal hyper- 
plasia and marked deposition liver (Burgi and Gordonoff, 
1926; Foldes, 1928). The possible interrelation these two observations 
remained obscure that time, for the glycogenic activity corti- 
coids was yet unsuspected. retrospect, seems likely that the ad- 
ministered sulfur induced adrenal hyperplasia and outpouring 
adrenal cortical hormones which resulted excessive liver glycogen deposi- 
tion. 

Recent studies indicating intimate association between adrenal corti- 
function and sulfur metabolism (Goldzieher and Edlin, 1953; Gold- 
zieher, Rawls and Goldzieher, 1953) have suggested further exploration 
these findings. view the fact that colloidal sulfur, though very 
low order toxicity, still foreign substance and its administration may 
constitute nonspecific stress, was decided first investigate the effect 
sulfur physiological form. Studies were accordingly carried out with 
glutathione, and the sulfurless analogue cysteine, 
serine, order determine whether not the presence sulfur exercised 
specific effect the ability these substances cause deposition 
liver glycogen and furthermore, whether not such effects were influenced 
the presence absence cortical hormones. 


MATERIALS AND METHODS 


Adult CFW male rats weighing 200 250 gm. were maintained stock diet 
Purina fox checkers and water lib. The intact animals were fasted for 12, 
hours before administration the test substance. other animals, adrenalectomy was 
performed under nembutal anesthesia; they were then maintained 10% glucose 
saline for one day, saline and lib. diet for one day, and fasted for hours 
before use. The test substance was administered intraperitoneally stomach tube 
indicated; controls received isotonic saline intraperitoneally tap water stomach 
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tube. acute experiments the animals were killed exactly three hours after administra- 
tion the test substance, blow the head. Fragments approximately one gram 
weight were obtained from two different areas the liver, dropped into tared centrifuge 
tubes containing 30% potassium hydroxide, weighed rapidly possible, and placed 
immediately into the steam bath. The technique Venning was used for for the iso- 
lation glycogen; its subsequent hydrolysis was carried out the method Good, 
Kramer and Somogyi, and aliquots the resultant hydrolysate were then run dupli- 
cate the Nelson and the Folin-Wu methods for reducing substances. Results are ex- 
pressed per cent tissue weight (i.e., grams glycogen glucose, per 100 grams liver 
tissue). other experiments which were intended test the occurrence progressive 
glycogen storage upon repeated administration cystine, the animals were killed 
hours after the last dose cystine. Half this group was starved for hours, the re- 
mainder for hours prior sacrifice. 

Cysteine was neutralized with the calculated amount sodium hydroxide immedi- 
ately before use, serine and reduced glutathione were dissolved saline; cystine was 
given suspension tap water. The amount fluid fed injected was kept 
ml. per animal. 

RESULTS 

The data are summarized Table 

Intact animals.—One group intact animals was fasted for hours, 
and the glycogen concentration the controls was observed 0.698 
significant increase liver glycogen followed the injection 
serine (liver glycogen 0.857 0.420%; p=0.4), the injection cysteine 
the oral administration cysteine (0.624+0.222%). 
There was clearly difference between the glycogenic activities serine 
and cysteine under these conditions. 

Another group animals was fasted for hours and the control liver 
glycogen concentration was found 0.419+0.155%. When similarly 


TABLE INTACT RATS 


Liver glycogen 

No. Dose concentration 
mg./100 Gm. (Nelson), per cent 

+st. deviation 


Test substance 


control (saline) 
l-cysteine 
l-cysteine 
glutathione 
control (water) 
l-cysteine 
X25 
control (water) 
X25 


i.p. 0.857 +0.420 
i.p. 0.424+0.069 

oral 1.084+0.249 

oral 1.43 +0.270 
oral .27 +0.401 


ADRENALECTOMIZED RATS 
control (saline) i.p. .029 +0. 
l-cysteine i.p. .041 +0. 
glutathione i.p. .026 +0. 


) 
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fasted animals were given cysteine mouth dose mg./100 gm. 
body weight, liver glycogen accumulation was observed, for the concentra- 
tion rose interesting that cysteine deposited sub- 
stantial amounts glycogen following 24-hour fast, but not after 
48-hour fast. This may well explain the divergent results obtained vari- 
ous investigators; Hess (1949), for example, obtained very low liver 
glycogen concentration after hours’ starvation and found substantial 
glycogenic effect with cysteine whereas Medes and Vitagna (1939), who 
starved animals longer, did not get glycogen depletion this order, and 
were not able observe glycogenic activity due cysteine. satisfac- 
tory explanation for this effect starvation hand. course quite 
possible that the amino acids still have activity, though 
lesser degree, the 48-hour fasted animal, but the prevailing high con- 
centration glycogen masks this effect. equally possible that the 
presence adequate depots glycogen the liver not conducive 
additional storage. 

Glutathione the intact, 48-hour fasted animal showed anomalous 
behavior, for the liver glycogen concentration following injection this 
substance was 0.424+0.069%, which significantly lower than 
the control glycogen level 

The response rats repeated administration cystine was studied 
further experiments. aqueous suspension cystine was administered 
daily animals for days. Half the group was sacrificed after 12- 
hour fast and the remainder after hours’ starvation. The liver glycogen 
concentration the cystine-treated, 12-hour fasted group, 1.27+0.40%, 
did not exceed that the 12-hour fasted, tap-water-treated controls 
nor was there any change after hours’ fast, the con- 
centration liver glycogen the cystine-treated and control groups being 
and 0.419+0.155% respectively. 

Adrenalectomized 24-hour fast the operated animals re- 
duced the liver glycogen concentration 0.029+0.004%. The intraperi- 
toneal administration serine raised the liver glycogen significantly 
0.063 within hours, and significant though somewhat smaller 
increase 0.041+0.012% occurred after cysteine injection. The intra- 
gastric administration cysteine times the concentration used previ- 
ously caused the deposition somewhat less than times much liver 
glycogen (0.106+0.020%). Under these apparently, the 
sulfhydryl group does not have any specific effect glycogen accumula- 
tion. 

interesting note that glutathione under the same conditions does 
not bring about any deposition glycogen, for the concentration after 
such treatment (0.026+0.007%) does not differ from that the controls. 
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DISCUSSION 


The data just presented not reveal any exceptional glycogenic ac- 
tivity ascribable the various forms sulfur administered. Hess has 
studied the effect some these compounds rats with livers almost 
completely depleted glycogen, and found the concentration glycogen 
after serine administration 1.08% after hours and 0.52% after 
hours; following cysteine administration the values were 0.83 and 1.11% 
respectively. other words, the magnitude the glycogenic response 
was the same, although the rapidity and subsequent disap- 
pearance varied. our studies with partially depleted rats, the findings 
are analogous, for neither cysteine nor serine added substantial incre- 
ment the prevailing liver glycogen level. 

The role the adrenal cortex this process was explored adrenalec- 
tomized animals. the severely depleted livers this group both serine 
and cysteine caused glycogen deposition comparable magnitude, indi- 
cating that adrenalectomy did not prevent the conversion amino acid 
liver glycogen, and furthermore, that the sulfur moiety the com- 
pounds tested did not have action either the presence absence 
cortical hormones. 

The foregoing experiments differed duration well test sub- 
stance from those Foldes (1928) Burgi and Gordonoff (1928). For this 
reason, comparably long-term studies using compound more physiologi- 
cal than colloidal sulfur were initiated feeding cystine dosage level 
corresponding 3.1 mg. sulfur per 100 gm. body weight per day for pe- 
riod days. Administration this substance, which readily con- 
verted cysteine, avoided changes electrolyte intake balance which 
might have occurred cysteine hydrochloride, either the acid salt 
neutralized with sodium hydroxide, had been used. this instance also, 
there was appreciable difference liver glycogen concentration the 
treated and control groups. However, our acute experiments was found 
that glycogenic activity more likely discerned tested liver 
almost devoid glycogen; therefore quite possible that some degree 
glycogen deposition may have occurred result cystine feeding, but 
the experimental conditions were not such permit its observation. 
the other hand, the experiments Foldes glycogen accumulation was 
such magnitude comparable with von Gierke’s disease; certainly 
such histological changes are possible with liver glycogen concentra- 
tion only may concluded, therefore, that cystine, cysteine 
glutathione sulfur under these experimental conditions exert glycogenic 
effect addition that the amino acid itself. 

particular interest that glutathione apparently not converted 
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glycogen injection into the adrenalectomized animal; the intact, 
partially glycogen-depleted animal actual drop liver glycogen was 
observed. Other investigations (Goldzieher, Rawls and Goldzieher, 1953) 
have shown that the sulfhydryl the injected glutathione not detect- 
able free the liver, where much supposed accumulate. 
Yet tracer studies with material (Bloch, 1949; 
Waelsch and Rittenberg, 1941; Anderson and Mosher, 1951) indicate 
that this compound has intense metabolic activity. For example, half the 
glycine glutathione turned over less than hours (Waelsch and Rit- 
tenberg, 1941). This would suggest the presence mechanisms designed 
protect this particular compound other tripeptides 
which may liberated the process degrading ingested endogenous 
proteins. 
SUMMARY 


Rats were partially depleted liver glycogen fasting for hours then 
serine, cysteine glutathione was given orally intraperitoneally. 
Neither serine nor cysteine altered the liver glycogen level; glutathione 
caused significant fall. With maximum depletion liver glycogen (maxi- 
mum hour fast) cysteine caused increase liver glycogen. 

Oral administration for days did not cause significant 
glycogen storage. 

fasted-adrenalectomized animals, serine and cysteine caused glycogen 
storage comparable magnitude, while glutathione caused none. 

concluded that amino acid sulfur (as sulfhydryl disulfide) under 
these conditions has specific effect liver glycogen deposition, either 
normal adrenalectomized animals. The response glutathione differs 
from that the amino acids tested. The degree glycogen depletion af- 
fects the response administered amino acids. 
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THE ADRENAL CORTEX AND SULFUR METABOLISM: 
THE EFFECT ACTH THE SULFHYDRYL 
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EARLY 1909 was noted that the adrenal cortex was unexpect- 
edly active sulfur metabolism: both its sulfur content and its 
ability store such compounds were greater than those other tissues 
studied (Aufrecht and Diesing, 1909; Loeper al., 1926). 1928 was 
shown that treatment rats and rabbits with colloidal sulfur resulted 
adrenal cortical hypertrophy and sulfur storage, together with massive 
accumulation liver glycogen (Lurie, 1928; Foldes, 1928). that time, 
however, the changes these two organs could not interpreted, for the 
relation between liver glycogen deposition and was 
yet unsuspected. 

recent years, further evidence has accumulated show relation be- 
tween sulfur metabolism and adrenal cortical function. Studies with 
for example, have confirmed the great avidity the cortex for cystine 
sulfur (Lee al., 1951). Recent studies our laboratory (Goldzieher al., 
press) have demonstrated rapid accumulation adrenal 
cortex following the administration cysteine. Conversely, ACTH and 
cortisone have been shown influence blood levels sulfhydryl (Hess 
al., 1951; Goldzieher al., press) animals and man. The incorporation 
into regenerating connective tissue inhibited cortisone direct 
proportion its concentration the tissue (Layton, 1951). The urinary 
excretion and sulfur increased the administration ACTH 
(Kinsell al., 1950). 

The relation the adrenal cortex sulfur metabolism has been under 
investigation for some time; the present report deals only with the 
effect ACTH the sulfhydryl content the adrenals, and compari- 
son, with that other tissues such liver and muscle. 
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MATERIALS AND METHODS 


Adult male CFW rats, weighing 200 250 Gm. were used throughout. They were 
maintained diet Purina Fox Checkers and water lib. Food was withheld during 
the night prior treatment. 

was prepared just before use the single-dose experiments and daily for 
chronic studies. The quantities designated are terms International Standard. 
Injections ACTH were given intramuscularly, and the animals were killed blow 
the head three hours after the last injection. Both adrenals were dissected rapidly, 
freed adherent tissue, enclosed parafilm, and weighed the nearest 0.1 mg. Ap- 
proximately 100 mg. portions liver and diaphragm were prepared the same way. 
The tissues were ground emulsion all-glass Ten Broeck tissue grinder 2.5 
5.0 ml. 2.5% acid containing 0.5% disodium ethylene diamine tetra- 
acetate. The emulsions were centrifuged for minutes and the supernatant used for 
titration. The sulhydryl determinations were carried out the amperometric method 
described Benesch and Benesch (1950) and Weissman, Schoenbach and Arm- 
istead (1950), modified (Goldzieher and Epstein, press) increase the 
specificity and reproducibility the method. 

The dosage and duration ACTH treatment given the following tables. The 
standard deviation and statistical significance the data were evaluated means 
the t-test, using the formulas corrected for small groups. 


RESULTS 


Adrenal sulfhydryl. The changes adrenal sulfhydryl with 
varying dosage schedules ACTH are shown Table The control 
value 14.9+1.6 mg.% the result determinations animals taken 
small groups over considerable period time. The variation normal 
adrenal sulfhydryl concentration, 10.8%, relatively small. 

The smallest dose ACTH used, 0.1 mg., produced increase ad- 
renal sulfhydryl concentration 45%; this was high order statistical 
significance and differed considerably from the response 
the liver (Table the same dose. similar reaction could not ob- 
tained repeating 0.1 0.3 mg. dose 8-hour intervals over day, 


TABLE 1. CHANGES IN RAT ADRENAL SULFHYDRYL 


concentration 


Number Significance 
mg./100 Gm. 
Control 
ACTH, 0.1 mg.; killed after hrs. 4.8 <0.01 


Lot 212-103, supplied through the courtesy Armour Co. 
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TABLE 2. CHANGES IN RAT LIVER SULFHYDRYL 


concentration 


issue 
tissue (average 


(t-value) 


Control 

ACTH, 0.1 mg., killed after hrs. 
ACTH above, then for days 


such treatment did not produce changes adrenal sulfhydryl concen- 


tration. Large and relatively unphysiologic doses mg.) multiple 
doses produced consistent and statistically significant depression ad- 
renal sulfhydryl concentration the order 24%. thus possible 
that the lack change adrenal sulfhydryl concentration during treat- 
ment with 0.3 0.9 mg. ACTH per day represents balance point can- 
cellation between the SH-augmenting effect small dose and the SH- 
depressant effect larger multiple doses. The adrenal sulfhydryl deple- 
tion caused days ACTH therapy was not restored after 5-day re- 
covery period, although the adrenal weights were once more within normal 
limits. 

Liver nonprotein sulfhydryl. With liver tissue, the response ACTH 
was not biphasic (Table 2). The small doses which produced rise 
change adrenal sulfhydryl concentration, caused change and fall, 
respectively, the sulfhydryl concentration liver tissue. Prolonged 
ACTH therapy caused significant fall the liver nonprotein sulfhydryl, 
just the adrenal, and again there was significant recowery the 
fifth day after the end 12-day course ACTH treatment. These ob- 
servations not coincide with the findings Ingbar, Otto and Kass 
(1951), who administered mg. ACTH per day rats for and 10-day 
intervals, and found change liver nonprotein sulfhydryl after days, 
and actual increase after days. 

Muscle (diaphragm) nonprotein sulfhydryl. few experiments were per- 
formed rat muscle tissue (Table 3). Three more injections ACTH 
produced significant depletion nonprotein sulfhydryl; with adrenal 
and liver tissue, there was complete return pretreatment levels 
within days after the end chronic ACTH treatment. The muscle, how- 
ever, showed more tendency return normal levels than did the 
other tissues. 

DISCUSSION 


Several points are brought out these observations. The effect the 
adrenal small doses ACTH entirely different from that large 
doses chronic treatment; also differs from the response the liver. 


: 
| 
| 
0.03 
0.05 
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TABLE CHANGES RAT MUSCLE (DIAPHRAGM) SULFHYDRYL 


Number Significance 

ACTH, 0.3 mg. hrs. X25 4.0+1.1 4.1 <0.01 


interesting note that this rise adrenal nonprotein sulfhydryl coin- 
cides closely with the time which drop blood observed 
patients receiving continuous infusions ACTH (Goldzieher al., 
press). 

With larger doses, the adrenal seems behave nonspecific manner, 
for all the tissues studied undergo depletion nonprotein sulfhydryl. The 
fact that this depletion persists for some time after the end ACTH 
therapy, and found tissues highly diverse structure and function, 
indicates that cannot considered specific effect ACTH the 
same sense the changes adrenal ascorbic acid adrenal cholesterol. 
Studies are now progress determine more precisely the nature the 
sulfhydryl-bearing compound which readily depleted but only slowly re- 
stored. 

Anderson al. (1951) have commented the possibility that ACTH 
and cortisone exert their clinical effects interfering with the 
groups enzyme systems. must noted that the sulfhydryl-bearing 
substances which have studied are non-protein nature, and are there- 
fore not enzymes; however, they may represent the reservoir freely- 
available sulfhydryl from which the SH-groups the enzymes are replen- 
ished after engaging the processes oxidation-reduction associated with 
metabolic phenomena. 


SUMMARY 


Single small doses ACTH produce what appears specific reac- 
tion: rise the adrenal nonprotein hours. Larger doses 
prolonged treatment with ACTH produce drop nonprotein sulfhydryl 
which not specific, for comparable changes also occur liver and muscle 
tissue. The depletion not restored any these tissues within days fol- 
lowing the end prolonged ACTH administration. 
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COMPARISON OVARIAN AND PITUITARY HORMONES 
FOR MAINTENANCE PREGNANCY 
PYRIDOXINE-DEFICIENT 


MARJORIE NELSON, WILLIAM LYONS 
AND HERBERT EVANS 


Institute Experimental Biology and The Department Anatomy, University 
California, Berkeley, California 


REVIOUS studies have shown that the addition potent B6- 

antagonist, desoxypyridoxine, purified B6-deficient diet will result 
the rapid production B6-deficiency adult rats (Nelson and 
Evans, 1948, 1951). Acrodynia the paws, characteristic sign the de- 
ficiency, and marked reproductive disturbances, namely high incidence 
resorptions, occurred after weeks the deficient diet. Pregnancy 
was maintained such B6-deficient rats administration both estrone 
and progesterone but not either hormone separately (Nelson, Lyons, 
and Evans, 1951), indicating some similarity between these B6-deficient 
rats and hypophysectomized-oophorectomized rats which pregnancy can 
maintained the combination the same hormones the same dos- 
age levels (Lyons, 1943). determine whether pituitary ovarian dys- 
function involved the hormonal inadequacies the B6-deficient rat, 
the three pituitary gonadotrophins which maintain pregnancy the hy- 
pophysectomized rat have been tested the vitamin-deficient rats. These 
three pituitary gonadotrophins are FSH, ICSH LH, and (mammo- 
trophin lactogenic hormone, Lyons, Simpson and Evans, 1943). 


EXPERIMENTAL METHODS 


Stock rats the Long-Evans strain were placed the B6-deficient diet containing 
the antagonist days age. This diet was the same that used all previous 
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studies. consisted 24% alcohol-extracted casein, 64% sucrose, hydrogenated 
cottonseed oil (Crisco Primex), salts,? and 0.5 mg.% desoxypyridoxine. Crystalline 
vitamins per kilogram diet were: 300 ug. d-biotin, mg. 2-methyl-1, 4-naphthoqui- 
none, mg. thiamine HCl, 5.5 mg. pteroylglutamic acid, mg. riboflavin, mg. 
p-aminobenzoic acid, mg. nicotinic acid, mg. d-calcium pantothenate, 400 mg. 
inositol, and 1.0 gm. choline chloride. Each rat received weekly fat-soluble vitamin 
mixture containing 800 U.S.P. units vitamin 115 chick units vitamin mg. syn- 
thetic alpha-tocopherol, and 650 mg. corn oil (Mazola). 

After days deficiency, the rats were bred with normal males and divided into 
equivalent groups judged body weight the day breeding. This experimental 
procedure has been shown result consistently the deficient 
rats which usually average days deficiency prior breeding (Nelson and Evans, 
1951). One experiment was carried out which animals with longer period de- 
ficiency, days, was used; these rats were brought into estrus means one injection 
units pregnant mare serum (PMS). Vaginal smears were examined daily during 
gestation for the presence erythrocytes, the sign that implantation had occurred. All 
rats were weighed regular intervals. minimize the question placental hormone 
production, known important the latter part pregnancy, all animals were 
autopsied days after breeding; implantation sites, fetuses, and ovaries were carefully 
examined. 

Injections were started days after finding sperm the vaginal smear. The steroid 
hormones used, estrone and progesterone, were injected subcutaneously 0.2-0.3 
sesame oil. The anterior pituitary hormones used were dissolved distilled water 
physiological saline and neutralized. FSH-ICSH combination capable causing 
estrin production the hypophysectomized rat and previously used successfully for 
maintenance pregnancy such animals (Lyons al., 1943; Lyons, 1943) was used 
together with both impure and purified preparations, which varied activity 
from 10-30 

Since was possible breed only 50% less the deficient animals any large 
group 30-60 rats, separate experiments were carried out, experiments with the 
standard period days deficiency prior breeding and one experiment with the 
longer period deficiency, days. 


RESULTS AND DISCUSSION 


Table summarizes the results testing the pituitary gonadotrophins 
the B6-deficient rat. With days deficiency prior breeding, the un- 
injected group showed 94% resorptions with early appearance erythro- 
cytes the vaginal smear (day 10) due early resorbing sites. The group 
receiving estrone and progesterone showed approximately 80% mainte- 
nance pregnancy with normal time appearance vaginal erythrocytes 
day 12. contrast, the group injected with the pituitary gonadotro- 
phins, FSH-ICSH and MH, exhibited partial maintenance pregnancy, 


Salts No. Hegsted al. (1941). 
The normality reproductive performance pair-fed controls supplemented with 
high levels pyridoxine has previously demonstrated that food restriction not 


factor the reproductive upsets occurring this vitamin deficiency (Nelson and Evans, 
1951). 


May, 1953 PYRIDOXINE AND GONADOTROPINS 587 


only the group having living young, with early appearance vaginal 
erythrocytes day 10. 

determine whether one particular hormone all three gonadotro- 
phins were involved, the combination single ovarian hormone together 
with the appropriate gonadotrophin(s) was next tried. Lyons (1951) has 
shown that when the FSH-ICSH preparation stimulate estrogen produc- 
tion was injected together with progesterone, pregnancy was maintained 
rats hypophysectomized after breeding; the combination estrone with 
also maintained pregnancy such animals (Lyons al., 1943). 

the B6-deficient rat the use estrone together with gave es- 


TABLE 1. EFFECT OF PITUITARY GONADOTROPHINS ON REPRODUCTION OF 
PYRIDOXINE-DEFICIENT RATS 


change Jagina mplanta- with wit 
Exptl. group Rats bred during RBC? tions resorp- living Ay.N Normal 
gestation tions embryos No.3 
No. gms. day % % % 

= 21 Days of wr Prior to Breeding 
Uninjected 17 -9 10.1 94 94 6 9.1 
FSH-ICSH 

0.5 wg. Estrone +96-125 

120 wg. FSH-ICSH 

mg. Progesterone 10 -4 11.0 100 90 10 10.7 
0.5 wg. Estrone +4 mg. 

Progesterone 29 —2 12.1 97 21 79 9.0 5.2 

200 FSH-ICSH +75 

0.5 ug. Estrone +4 mg. 

Progesterone 9 +1 13.0 89 0 100 5.8 3.5 


Injections were started days after breeding. All animals were autopsied days after breeding. 

? This column shows the average time in days for the first appearance of erythrocytes (RBC) in the vaginal smear. 

3 This column gives the number of living embryos per litter, i. .e. the number of normal implantation sites in rats 
with maintenance of pregnancy. Values are given only for groups in which at least 2 rats maintained pregnancy. 

4 These rats were brought into estrus by means of one injection of pregnant mare serum (10 units). 


sentially the results obtained the use the three pituitary gonadotro- 
phins, namely partial maintenance pregnancy, showing that stimu- 
lated ovarian production progestin only few animals. The use 
FSH-ICSH together with progesterone was not beneficial, only 10% 
the animals showing maintenance pregnancy, incidence not sig- 
nificantly different from that shown animals uninjected injected with 
progesterone alone (Nelson, Lyons and Evans, 1951). This may inter- 
preted failure combined FSH-ICSH stimulate the ovarian produc- 
tion estrin these B6-deficient rats and suggests ovarian dysfunction 
since the same dosage level this hormone preparation will cause estrin 
production normal immature rats and even lower doses will hy- 
pophysectomized rats. 

additional experiment was carried out check the beneficial ef- 
fects the pituitary gonadotrophins. longer period deficiency was 
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used that the deficient animals were brought into estrus single in- 
jection units PMS. All animals responded with estrous vaginal 
smear and 55% the group were successfully bred. Rats receiving 
hormone injections during gestation showed marked failure implanta- 
tion due the longer period deficiency prior breeding; only 22% 
the group implanted, contrast the usual implantations, and 
all implantations resorbed. Rats injected with estrone and progesterone ex- 
hibited the usual favorable response, i.e., 100% implantations with 100% 
maintenance pregnancy. Rats injected with the three pituitary gonado- 
trophins showed 78% implantations and partial maintenance pregnancy; 
29% the group had living young. The marked improvement implanta- 
tion contrast the findings the uninjected group shows the beneficial 
effects injected gonadotrophins and indicates some pituitary dysfunc- 
tion. Nevertheless, the failure maintain pregnancy larger proportion 
the animals would seem clearly show ovarian dysfunction. 

Whether the lack ovarian response injected gonadotrophins may 
corrected higher dosage levels, different hormone balance, 
supplementation with other pituitary hormones not known. adult 
rats hypophysectomized after breeding, daily injections and 
FSH-ICSH were successful maintaining pregnancy (Lyons 
al., 1943; 1951). this study daily dosage levels 120—200 ug. 
FSH-ICSH and were used without the same degree suc- 
cess. Although the hypophysectomized rat considered more sensi- 
tive than intact animal pituitary hormones, would usually as- 
sumed that vitamin-deficient animal with intact pituitary would have 
some circulating gonadotrophin present. Such animal would presumably 
require decreased amount rather than increased amount gonadotro- 
phin. Further studies dosage levels are definitely indicated and are 
progress. 

The inadequate ovarian response pituitary gonadotrophins brings 
the question possible placental dysfunction these deficient animals. 
was previously pointed out that although pregnancy could maintained 
estrone and progesterone these deficient animals the number living 
young per litter was less than half the normal value (Nelson, Lyons and 
Evans, 1951). The same results were obtained this study, regardless 
whether the injected hormones were ovarian hypophysial origin. 


SUMMARY 


Under the experimental conditions anterior pituitary gonadotrophins 
maintained pregnancy approximately 25% pyridoxine-deficient ani- 
mals whereas ovarian hormones maintained pregnancy such 
animals. This indicates that dysfunction both the pituitary and the 
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ovary involved the hormonal inadequacies these vitamin-deficient 
animals. 
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THE PROGESTERONE CONTENT HUMAN 
PLACENTAL BLOOD! 


PEARLMAN MILLICENT THOMAS 
Department Biochemistry, Jefferson Medical College, Philadelphia, Pennsylvania 


INVESTIGATION the ketonic lipides placental blood was 
undertaken conjunction with our recent work (Pearlman and 
Cerceo, 1952a, 1952b) the isolation and related C21 
steroids from human placental tissue. this study, however, progesterone 
could not isolated because was present minute amount only. 
estimate was made the progesterone level pooled placental blood 
ultraviolet spectroscopy the ketonic fraction following chromatography 
and countercurrent distribution. 


EXPERIMENTAL 


Collection, extraction, and preliminary fractionation term 
placentas were obtained soon possible after parturition. Each speci- 
men was perfused with 200 cc. 0.9% NaCl through the umbilical vein 
following removal clots adhering maternal blood. The blood perfusate 
was immediately extracted and then partitioned the manner outlined 
Diagram yield the ketonic fraction. 

Estimation the progesterone content the ketonic method 
used was that described Pearlman and Cerceo (1952b) for estimation 
the progesterone content placental and requires measurement 
the optical density 240 (maximal absorption due unsatu- 
rated ketones) following transfer distribution the ketonic material 
between petroleum ether and 70% methanol; the present study however, 
the volumes the immiscible solvents were reduced one-fifth. 

The progesterone level the blood perfusates four placentas were in- 
dividually estimated and found fall within the range 0.75 0.86 ug. 
hormone per the pooled perfusates obtained from six other placentas 
were estimated contain 0.69 ug. progesterone per These values are 
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Extraction and Fractionation Placental Blood 


Blood perfusate 
for every 100 cc. perfusate, 300 cc. acetone added; 
room temperature overnight; filter with suction 


Precipitate 
remove; stir well acetone; 
filter with suction; repeat extraction twice more 


Precipitate Combined acetone filtrates 


Aqueous concentrate 
extract once 100 twice etiier; 
combine ether extracts; wash times cc. water; 
backwash water with ether; 
combine ether extracts; evaporate. 


Ether residue 
Partition between petroleum ether and cc. 70% methanol; 
each phase turn extracted with cc. fresh solvent; 
the latter extracts shaken together; 


Combined 70% methanol extracts Combined petroleum ether extracts 
evaporate vacuo; 
treat with 100 mg. Reagent (Girard and Sandulesco, 1936) 


Ketonic fraction Non-ketonic fraction 
(see text for further treatment) 


undoubtedly overestimated because the ketonic material the peak tube 
(separatory funnel no. the countercurrent distribution did not give 
well defined absorption curve characteristic unsaturated ketones; 
further purification this fraction was needed.‘ Accordingly, the ketonic 
residues from separatory funnel no. obtained the countercurrent dis- 
tribution the above perfusates (total 1715 ten placentas), were com- 
bined yield 4.4 mg. solids containing the very most 384 pro- 
gesterone. This material was dissolved 0.2 dry ether, adsorbed 
narrow column containing 200 mg. (Harshaw) previously 
wetted with the same solvent, and eluted with dry ether. The elu- 
ate gave ultraviolet absorption curve typical unsaturated 
ketone, and was estimated contain 186 ug. counter- 


and Ginsburg (1942) have similarly encountered pigments with non- 
ultraviolet absorption which interfered with their attempts estimate normal 
serum progesterone levels another connection. our experiments, such pigments 
were found accumulate chiefly the end separatory funnels the countercurrent 
distribution procedure. 

The preparation described footnote (Pearlman and Cerceo, 1952a). 

Chromatography the same quantity crystalline progesterone under identical 
conditions resulted the recovery 75% the hormone according measurements 
the optical density 240 mu. 
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Volume 


current distribution (Fig. indicated content 182 progesterone 
(or unsaturated ketone with partition coefficient identical with 
that progesterone). Recalculation, the basis the latter determina- 
tion, the progesterone level the pooled blood perfusates (total 1715 
gave value 0.39 the hormone per 

The ketonic residues from separatory funnel no. the original counter- 
current distribution were similarly combined, representing the pooled per- 
fusates from ten placentas. This material, from its position the counter- 


NO. SEPARATORY FUNNEL 


Countercurrent distribution chromatographed residue obtained from sep- 
aratory funnel no. (see text for further details). Solvent system, petroleum ether-70% 
methanol (volume ratio 3:1). Optical density measured 240 solvent, abso- 
lute ethanol. Experimentally found curve, solid line; curve for 
dotted line. 


current distribution scheme, might expected contain unsaturated 
ketones more polar than progesterone. However, the presence interfer- 
ing pigments could not entirely eliminated chromatography and fur- 
ther work this fraction was abandoned. 


DISCUSSION 


The analytical procedures described herein were not designed for the 
routine examination small specimens blood, although these methods 
might adapted for this purpose. Our aim, rather, was obtain suf- 
ficiently large quantity placental blood (and hence resort perfusion 
the placenta) order carry out exploratory examination the 
material physico-chemical means. 

The data indicate that the progesterone concentration pooled pla- 
cental blood the order 0.4 hormone per cc., conservative esti- 
mate inasmuch the blood obtained perfusion underwent some dilu- 
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tion and also, part the progesterone (roughly 25%) was lost chroma- 
tography. clear that the placental blood could have contributed 
small part only the total progesterone content our placental extracts 
(Pearlman and Cerceo, 1952b), matter which was some concern since, 
that study, the blood had not been removed perfusion this highly 
vascular organ. 

Although the absolute concentration progesterone placental blood 
quite low, high comparison with that maternal blood, which 
less than 0.1 ug. progesterone per (Butt al., 1951). The latter 
value, obtained polarographic methods, variance with the higher 
values reported Hooker and Forbes (1949) who employed bio-assay 
techniques. 

comparison our data placental blood with those Butt al. 
(1951) are interest. The latter investigators found 1.3 and 0.3 
progesterone per cc. two specimens, respectively, human placental 
blood obtained from the umbilical cord but three other specimens, 
progesterone (i.e., less than 0.1 could detected; however, there was 
polarographic evidence for the presence ketosteroid but not 
20-ketosteroid (the progesterone molecule contains both groups). The 
latter observation stimulated our interest but our study provides in- 
formation this point. 


SUMMARY 


The progesterone level pooled placental blood conservatively esti- 
mated 0.4 ug. hormone per cc. This calculation based measure- 
ments the optical density 240 mu. the ketonic fraction following 
chromatography and countercurrent distribution. 
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DETECTABLE AMOUNTS ACTH BLOOD FOLLOWING 
SALICYLATE ADMINISTRATION 


CHARLES EADES, Jr. STANTON KING, Jr. 


Department Biochemistry, The University Tennessee, Memphis, Tennessee 


LTHOUGH tabulation (Hailman, 1952) various physiological 

responses induced cortisone, ACTH, and salicylate (SAL) suggests 
ACTH mechanism SAL effect, increase circulating ACTH fol- 
lowing SAL has not been demonstrated. Because our general interest 
the effect salicylate upon adrenal function and the probability that some, 
least, these effects may mediated through the pituitary gland 
have undertaken determine, the transfusion technique Farrell and 
McCann (1952), whether SAL administration stimulates release ACTH 
into the circulation. 

Female Sprague-Dawley rats gm.) were injected intraperi- 
toneally with 0.6 ml. sodium salicylate solution containing the equiva- 
lent mg. salicylic acid/100 gm. body weight. After varying intervals 
the rats were etherized and the external jugular vein quickly exposed. Three 
ml. blood were withdrawn into heparinized syringe and immediately 
transfused into the corresponding vein etherized, hypophysectomized 
Sprague-Dawley rat approximately the same weight. This transfusion 
required about minutes. The hypophysis had been removed from 
the recipient rat usually days but not more than days earlier. The left 
adrenal the recipient rat was removed just before, and the right ad- 
renal one hour after, the transfusion. Each adrenal was assayed for ascorbic 
acid without delay, using the method Roe and Kuether (1942). 
the method Sayers, al. (1948), the difference ascorbic acid concen- 
tration between the left and right adrenals the recipient was taken 
index ACTH level the blood the donor rat. The lowering adrenal 
acid effect thought specifically produced ACTH 
under such conditions. check both the effect SAL itself and the 
operative procedures the hypophysectomized rats, 0.2 ml. 5.8% 
SAL was added 2.8 ml. blood obtained from donor rats injected 
8-10 minutes earlier with isotonic saline solution instead SAL; 
and this blood mixture was assayed similarly for ACTH activity in- 
jection into control hypophysectomized rats. 

SAL levels and adrenal ascorbic acid depletion the donor rats were 
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TABLE ADRENAL ASCORBIC (AAA) DEPLETION HYPOPHYSECTOMIZED RATS 
ONE HOUR AFTER TRANSFUSION BLOOD FROM SAL-INJECTED RATS 


No. recipient Decrease AAA hypophysectomized 
rats recipient rats 
minutes mg./100 gm. 
adrenal tissue 

control 7+20* 


values are standard errors, calculated where sufficient numbers animals were used 
for significant statistical treatment. 


determined order correlate them with the adrenal ascorbic acid reduc- 
tion the recipient rats. These were compared also with control donors 
receiving isotonic saline instead SAL injections. The method Smith 
and Talbot (1950), involving the use the Folin-Ciocalteu reagent for 
phenols, was used the estimation the plasma SAL levels. 


RESULTS AND DISCUSSION 


The dosage SAL used was about the lethal dose (Waddell, 1911). 
After injection the rats showed obvious discomfort and exhibited 
unusual behavior. The rats were gentle and exhibited very little excitement 
when injected, thus minimizing any ACTH rise resulting from the mere 
handling the animals. 

The results presented Tables and indicate that very soon after 
the SAL injected, there increase circulating ACTH reflected 
decrease both donor and recipient adrenal ascorbic acid. Since 
injected ACTH rapidly destroyed, the results terms percentage de- 
crease adrenal ascorbic acid are less striking the recipients than the 
donors. Despite the continued high blood level SAL the donor the 


ADRENAL ASCORBIC (AAA) AND PLASMA SAL LEVELS DONOR 
RATS INJECTED WITH ma. SAL/100 GM. BODY WEIGHT 


Time after Donor plasma 
injection donor rats AAA decrease 
minutes mg./100 gm. mg./100 ml. 
adrenal tissue 
SAL 375 57.6 
SAL 232 55.6 
120 Saline 347 
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ACTH activity appears decline from initial maximum, presumably 
the preformed donor ACTH stores are consumed. 


SUMMARY 


The ACTH titer blood SAL-injected rats has been shown rise 
very soon after the injection, assayed transfusion into hypophysec- 
tomized rats blood from SAL-injected rats. 
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GLUCURONIDASE HYDROLYSIS FOR 
PREGNANEDIOL 


From the Department Physiological Chemistry and the Max Hoffman 
Endocrinological Research Laboratory, University Minnesota School, 
Minneapolis, Minnesota 


great interest shown pregnanediol assays based upon proof 

relationship between pregnanediol and the corpus luteum hormone 
—progesterone (Marrian 1949). The methods for assaying pregnanediol 
urine are: Firstly the method Venning (1937, 1938) which the 
sodium pregnanediol glucuronidate (NaPG) the urine assayed gravi- 
metrically; and secondly the hydrolysis the pregnanediol conjugate and 
the assay the pregnanediol (Astwood and Jones, 1941; Talbot al., 
1941). 1948 Sommerville, Gough, and Marrian modified the test 
order obtain sensitivity 2.5 mg./day. This paper introduces the 
hydrolysis urines calf spleen glucuronidase. This method has been 
found give excellent results for assaying less than 0.50 mg. pregnanediol 
/24 hrs. 

MATERIALS 


All chemical reagents were chemically pure. The toluol was redistilled. The sodium 
pregnanediol glucuronidate was freed sodium pregnaneolone glucuronidate the 
procedure Sutherland and Marrian (1947). all glass filter funnel similar that 
described Engley (1952) and containing sintered glass filter medium porosity 
was used filter off the pregnanediol before assay. The glucuronidase was prepared and 
assayed according the procedure Cohen (1951). The normal male urine used these 
experiments was pooled urine. The pregnancy urines were collected from individual girls 
from weeks pregnancy. The pregnanediol assays with sulphuric acid were 
carried out essentially the procedure Talbot al. (1941). 


EXPERIMENTAL 
The Hydrolysis NaPG and the Purification Pregnanediol 


The technique described Cohen (1951) for the hydrolysis preg- 
nanediol glucuronide was employed. modified technique Sommerville 
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al. (1948) was employed for the purification pregnanediol. This scheme 


RATE HYDROLYSIS 


The hydrolysis late pregnancy urine gives the same type curve 
did that employing pure NaPG (Cohen 1951). Hydrolysis complete 
within hours, indicating that urine NaPG about twenty times 
more labile glucuronidase hydrolysis than are most steroids. These 
results are illustrated Figure 


Procedure for the hydrolysis NaPG and 
purification urinary pregnanediol. 

URINE 

Sterilize boiling minutes 

Cool, adjust 4.5 with acetate buffer 
+1000 units glucuronidase, incubate hours 
overnight 


Extract with vols. toluene 
(emulsions broken configuration) 


URINE RESIDUE 


TOLUENE 
Wash with vol. NaOH. vol. 


dryness vacuo 

Dissolve residue hot ETOH, +1-2 mg. 
filter (Whatman 12.5 No. Filter 

Paper) 


FILTRATE 
Concentrate ec. volume; +20 cc. hot 0.1 

NaOH. and incubate 37° for 2-4 hrs. Filter 
(Engley funnel) 


FILTRATE 


PRECIPITATE 
Dissolve 15-25 ec. ETOH 


ASSAY ALIQUOTS 


= ~= 
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Percent Hydrolysis 


Time Hydrolysis (in hours) 


The hydrolysis pure NaPG and late pregnancy urine 
(L.P.U.) with 1000 units glucuronidase. 


RECOVERIES PURE NaPG ADDED MALE URINE 


The data outlined Table illustrates that good recoveries can 
obtained down 0.04 mg. pregnanediol per 100 urine. 


RECOVERIES PREGNANEDIOL FROM HUMAN PREGNANCY URINE 


Table the accuracy the pregnanediol assay further shown. 
can seen from this table that glucuronidase liberates much preg- 


TABLE AMOUNT PREGNANEDIOL RECOVERED FROM MALE URINE WHICH NaPG 
HAD BEEN ADDED GLUCURONIDASE 


Pregnanediol added NaPG Solvent hydrolysis 


(corrected for control) 

3.40 mg. 100 cc. NMU 3.23 
1.70 mg. 100 NMU 1.65 
control 100 cc. NMU 
0.65 mg. 100 NMU 0.52 
100 cc. NMU 0.31 
control 100 NMU 
mg. 100 cc. NMU 0.25 
0.104 mg. 100 cc. NMU 0.101 
0.052 mg. 100 NMU 
0.013 mg. 100 NMU 
control 100 cc. NMU 


90}- 
40 
2 4 


GOLDFINE AND COHEN 


TABLE COMPARISON PREGNANEDIOL RECOVERED FROM PREGNANCY URINE 
AFTER HYDROLYSIS HCl AND GLUCURONIDASE 


Volume 


Pregnanediol recovered hydrolysis with 


Patient Volume urine 

100 36.8 34.2 
100 61.2 64.0 
100 72.0 73.1 
100 ee. 58.0 
100 ee. 32.0 32.6 


100 ce. 45. 


nanediol does from 100 pregnancy urine. Table illustrates that 
pregnancy urine can diluted that urine containing 0.14 mg. 
pregnanediol can readily assayed. case did hydrolysis 
effected after the glucuronidase hydrolysis yield more than the equivalent 
mg. pregnanediol per hours. would thus seem that pregnancy 
urine least, all the pregnanediol present the glucuronide. 


APPLICATION GLUCURONIDASE HYDROLYSIS STUDIES 
THE NORMAL FEMALE CYCLE 


Figure shown the level pregnanediol excretions for number 
normal women. these experiments assays were conducted 500 
batches urine. will noted that pregnanediol excretion shows grad- 
ual increase during the follicular phase the menstrual cycle. does not 
reach its peak until week before the next menses. then falls 
rapidly reach low levels the time menses have begun. will 
noted that for patient the pregnanediol reached excretion 
level about 1.5 mg. per diem the usual time but then fell abruptly, 
and did not rise again (to 2.5 mg. per day) until the 39th day the cycle. 
result this girl had day cycle. 

will noted (Fig. that melting points carried out number 


TABLE EFFECT DILUTION PREGNANCY URINE (TO 100 cc. 
PREGNANEDIOL ASSAY (PATIENT 


Theoretical, mg. Actually found, mg. 
Volume urine assayed pregnanediol pregnanediol 


100 ee. 
3.5 
1.8 
0.69 0.7 
0.34 0.3 
ce. 0.1 
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| 
Menses 


(Patient) H.N. 


220-223° 
= 
w+ 
OR. 
m.p. 213° (sublime) 
KW. 
220-222° 
226° 


Days cycle 


The excretion pregnanediol during the menstrual cycle. 


| 
q 
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Volume 


residues varied from 210° 224° (pure pregnanediol melts 
237°, 


THE EXCRETION PREGNANEDIOL DURING EARLY PREGNANCY 


Guterman (1944, 1945) reported the use pregnanediol test for 
the detection pregnancy, finding confirmed one worker (McCor- 
mack 1946) and criticized number workers (Semmens and Mc- 
Henry, 1949; Kullander, 1950; Merivale, 1948; Reinhart and Barnes 
1946). Table are shown some results which have obtained using 
the glucuronidase hydrolytic procedure. Since the normal cycling women 
found pregnanediol assay greater than mg./24 hours interest 


TABLE 4. PREGNANEDIOL EXCRETION BY EARLY PREGNANCY CASES! 


Approximate time 
Patient lapsing since Ist 
missed menses 


mg. Comment 


rs. 


day 3.3 

weeks 7.2 

O.R. week 4.0 

O.R. weeks 9.8 

weeks 5.5 

weeks 6.5 

weeks 6.5 

weeks 15.4 

B.H. weeks 6.9 

E.H. weeks 4.8 Had previous abortion 
weeks 17.4 

weeks 4.2 Aborted week later 
weeks 12.5 


would like thank Dr. Kaiser the Department Obstetrics 
University Minnesota Hospitals, for aid collecting some these urines. 


point out that within day the missed menses patient level 
3.3 mg./24 hours and for patient the 5th day following the missed 
menses, 4.0 mg. pregnanediol was excreted. the 4th week after the 
first missed menses the excretion pregnanediol was least mg./24 
hours. interest point out that patient with excretion level 
only 4.2 mg. pregnanediol/24 hours the 16th week pregnancy 
aborted shortly thereafter. For patient the first urine sample col- 
lected weeks after the first missed menses the pregnanediol excreted was 
relatively low. This patient had aborted earlier pregnancy and was 
feeling quite ill (malais and vomiting) the time this specimen was 
collected. Four weeks later this had passed and the pregnanediol secretion 
had risen 17.4 mg./day. 


melting points were determined Fischer micro melting point apparatus 
and are uncorrected. 
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DISCUSSION 


The use glucuronidase hydrolytic means for pregnanediol 
urine offers the following advantages: firstly, the conditions for effecting 
complete hydrolysis with glucuronidase NaPG results very little 
hydrolysis any other steroid glucuronide. This true because the 
use overnight incubation with 1,000 units enzyme per 500 cc. 
urine (most conjugated steroids require incubation days with 
5,000 units per urine) and because the optimum for glucuronidase 
activity for NaPG 4.5 while most the steroid glucuronides have 
optimum 5.0 (Cohen, 1951). Secondly, the test more sensitive than 
any other yet described, since 0.5 mg. pregnanediol/24 hours can 
accurately assayed. Apart from the time required for incubation about 
assays can run per working day. 

Our figures for pregnanediol assays during the cycle are about one-half 
those reported workers assaying for NaPG (Venning and Browne, 
1937; Hain and Robertson, 1939; Buxton, 1940). This not surprising 
view the reports Marrian and Gough (1946) that the NaPG iso- 
lated according the procedure Venning and Browne (1936) contains 
23% pregnaneolone. Smith and Smith (1952) have reported the presence 
NaPG 20% some additional yet not identified steroid 
glucuronides. Since our assay technique quantitative one feel that 
may offer excellent diagnostic tool for pregnancy and for gynaecologi- 
cal disturbances. 


SUMMARY 


The glucuronidase hydrolysis has been adapted for the assay preg- 
nanediol urines, introducing relatively simple purification proce- 
dure. This test highly sensitive, gives material with good melting point 
and offers means hydrolysis whereby other steroids are hydrolyzed 
only minor degree. has been found possible get effective assays 
urines collected from girls the early follicular phase the cycle. has 
also been found possible utilize the assay procedure the diagnosis 
pregnancy. 
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NOTES AND COMMENTS 


GONADOTROPINS THE PITUITARY GLAND DURING INFANCY 
AND EARLY CHILDHOOD 


The purpose this note present data the gonadotropins the pituitary 
gland infants and child. 


I. MATERIALS 


AND METHODS 


Animals.—Female Wistar rats (30 days old) were hypophysectomized, injected 
with pituitary homogenate and subsequently studied described previously (Bahn and 
associates, 1953 b). 

Pituitary pituitary glands infants, male and female, and male 
child, years old, were obtained within three four hours following death. prolonged 
terminal illness was present any the patients. The wet weight the combined anterior 
lobes the hypophyses the infants was 136 mg., and that the child, 222 mg. The effects 
total doses only mg. and mg. the gland the infants and only mg. and 
mg. that the child were determined owing the amount and 
tissue. 


II, RESULTS 


Homogenate Infants’ data Table indicate that follicle- 
stimulating hormone (FSH) and luteinizing hormone (LH, ICSH) activity was pres- 
ent mg. pituitary homogenate. 

Homogenate the Child’s FSH and activity were de- 
tected (Table 1). Marked follicular growth accompanied ovarian enlargement was 
observed dose mg. Although complete repair the interstitial cells was not 
observed, the uterine enlargement indicated estrogen secretion and thus the presence 
LH. terms the previously defined units, there was somewhat more than unit 
FSH but less than unit per mg. pituitary homogenate. 


TABLE 


RESPONSES TO PITUITARY HOMOGENATE 


als Ovaries Uterus Ovarian histology 


Abbreviations: Hyp. =Hypophysectomized; mg./gm.=Organ weight per gram body 
weight; R=Repair; tissue; 0=Absent; 
opening; F.D.=Follicular development; infants’ hypophyses; 
=Child’s hypophysis; C.L. luteum. 


Received for publication January 23, 1953. 
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III. DISCUSSION 


Functional maturity the anterior lobe the hypophysis related the growth 
the gland, the production hormone the parenchyma, and the establishment 
secretory controls. The present study concerned primarily with the second factor, the 
production and storage gonadotropins (FSH, LH) within the hypophysis. 

Our previous studies showed that the anterior lobe the pituitary gland the adult 
human contained about unit both FSH and per mg. tissue (wet weight), 
total approximately 100 200 units each hormone. The present study indi- 
cates that the concentration and the total quantity FSH and the hypophyses 
adults are much greater than those children and those children greater than those 
infants. compared the adult, there was relatively less than FSH the child’s 
hypophysis. These findings are compatible with previous studies the pituitary gland 
(Smith, 1939) and the urine (Nathanson and associates, 1941, and Greulich and associ- 
ates, 1942) infants and children. 

The data suggest that the pituitary alterations which eventually culminate puberty 
are gradual and relatively long duration, having their onset the first few years 
life. Moreover, appears that during childhood increases FSH activity precede the 
increases activity. The total quantity gonadotropins within the gland must 


have risen from virtually none infancy between 100 and 200 units both FSH 
and adult life. 


SUMMARY 


activity was virtually absent from the pooled pituitary glands 
infants. Both FSH and activity were present the pituitary child, however, 
concentration roughly one tenth less than that the adult. 

The Mayo Clinic and Mayo Foundation, 
Rochester, Minnesota 
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1953 AWARDS AND FELLOWSHIPS 


Awards and Fellowships presented The Endocrine Society carry obligation 
the recipient the Society the donors. 


FELLOWSHIPS 


Society Fellowships are designed assist men women exceptional 
promise furthering their educational training and advancement toward 
scientific career endocrinology. Fellowships may awarded in- 
dividual who possesses the Ph.D. M.D. degree candidate for 
either these degrees. The stipend, which will not exceed $5,000, may 
divided into two Fellowships varying amounts accordance with the 
qualifications the appointee. The Committee will, reviewing the pro- 
posed program study, consider the amount time which the Fellow 
intends spend course work and/or teaching. must present evi- 
dence scientific ability attested studies completed progress 
and/or the recommendation responsible individuals. must submit 
program proposed study, indicate one more institutions where the 
proposed program will followed, and submit statements approval 
from the investigators with whom proposes conduct his research. 
must serve full time awarded Fellowship. small amount time 
(10 per cent) may allotted for course work for participation 
teaching, the latter purely voluntary basis. 


THE AYERST, McKENNA AND HARRISON FELLOWSHIP 


This Fellowship will not awarded 1953 order that may ac- 
cumulate toward $5,000 Fellowship awarded 1954. 


THE SCHERING FELLOWSHIP ENDOCRINOLOGY 


The Schering Fellowship Endocrinology was established 1949 and 
the first recipient was Dr. Laurence Wilson 1950. Dr. John Stoekle 
was chosen the recipient the 1951 Fellowship. Inasmuch was 
unable accept due call military service, the same Fellowship 
was reawarded 1952 Dr. Courtright. The 1953 Schering Fellow- 
ship will the amount $5,000 and will henceforth given the 
same amount alternate years. 


607 


608 AWARDS AND FELLOWSHIPS Volume 


AWARDS 
THE SQUIBB INSTITUTE FOR MEDICAL RESEARCH AWARD 


This Award $1,000 was established 1939 The Squibb Institute 
for Medical Research and was given first 1940 Dr. George Corner; 
1941 Dr. Philip Smith; 1942 Dr. Fred Koch; 1944 
Hartman; 1947 Drs. Carl and Gerty Cori; 1948 Dr. Fuller 
Albright; 1949 Dr. Herbert Evans; 1950 Dr. Long; 
and 1951 Dr. Collip. Award was given 1943. This Award 
was increased the amount $2,500 beginning with the 1952 Award and 
the recipient was Dr. James Means. special committee five mem- 
bers the Society selects the recipient from among investigators the 


United States Canada, the basis outstanding contributions 
endocrinology. 


THE CIBA AWARD 


The Ciba Award, recognize the meritorious accomplishment 
investigator not more than thirty-five years age the field clinical 
pre-clinical endocrinology, was established 1942, but recipient was 
selected 1942 1943. 1944 the Award was presented Dr. 
Astwood; 1945 Dr. Jane Russell; 1946 Dr. Martin Hoff- 
man; 1947 Dr. Choh Hao Li; 1948 Dr. Carl Heller; 1949 
Dr. George Sayers; 1950 Dr. Oscar Hechter; and 1951 Dr. 
Albert Segaloff. Effective 1952, the Award was increased from $1,200 
$1,800 and the recipient was Dr. Seymour Lieberman. within twenty- 
four months the date the Award, the recipient should-ehoose use 
toward further study Laboratory other than that which 
present working, will increased $2,500. 
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BOOK REVIEW 


HISTOCHEMISTRY, THEORETICAL AND APPLIED. 1953. Everson Pearse, M.A., 
M.D., D.C.P. Published Little, Brown and Co., Boston, Mass. viii 530 pp. 
colored plates 109 black-and-white illustrations. Price, $12.00. 


M.D. degree from the University Cambridge and now Lecturer Histochemistry 
the Postgraduate Medical School, University London. One his first contribu- 
tions histochemistry consisted critical review its methodology and interpreta- 
tion, written for pathologists and appearing the British Journal Clinical Pathology 
(1951). has also introduced number new modified techniques. Perhaps 
those having the greatest interest for endocrinologists are presented series papers 
concerning the demonstration the glycoprotein hormones the anterior pituitary 
gland (Nature 162: 651, 1948; Path. Bact. 61: 195, 1949, 64: 791 811, 1952; Stain 
Technol. 25: 95, 1950). 

The present volume comprises chapters, beginning with brief but fairly inclusive 
history the development this branch science and continuing with chapters 
methods fixation and sectioning, the staining proteins, the demonstration 
enzymes, the use enzymes histochemical reagents, and each carbohy- 
drates, lipids, aldehydes and ketones, pigments, inorganic substances, 
methods. The book concludes with appendices which give the detailed steps the histo- 
chemical techniques which Dr. Pearse has himself found most useful for demonstrating 
various tissue constituents. Complete author and subject indices follow. further valu- 
able feature the book consists numerous black-and-white and few colored photo- 
micrographs illustrating the appearance sections prepared some the histochemi- 
cal methods discussed. 

rash books devoted entirely largely histochemical techniques has appeared 
the last few years. Outstanding are the treatises Lillie (1948), Romeis (1948, 15th 
ed., German), Glick (1949), Gatenby and Beams (1950, 11th ed.), Gomori (1952), and 
Lison (1953, 2nd ed., French). this reviewer’s opinion, the new Pearse bids fair be- 
come the leader, even amongst notable collection. each chapter, Dr. Pearse re- 
views the chemistry and biological importance the substances question and then 
goes discuss critically the methods used for their demonstration and differentiation. 
The bibliographic references are numerous and appear include most the major con- 
tributions each area. 

Pearse has omitted some references which appear fundamental, for example, the de- 
finitive experimental paper and review Marcus Singer concerning the nature acidic 
and basic staining proteins (J. Biol. Chem. 75: 133, 1948; Internat. Rev. Cytol. 211, 
1952). Likewise, the techniques which has selected give detail represent his par- 
ticular preferences, whereas numerous methods which are possibly equally satisfactory 
are barely mentioned. While Pearse’s omissions this respect are not serious, the use- 
fulness some methods which has overlooked should not lost sight of. 

Needless say, field which growing rapidly and which several journals 
are now entirely devoted, book can long remain 
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While the organization this book does not permit any special emphasis the en- 
docrine glands, must apparent that modern endocrine histophysiology depends in- 
creasingly histochemical techniques. Pearse’s Histochemistry should prove valuable 
addition the library any endocrinologist who intends either apply histochemical 
methods interpret the significance his own others’ results. 


HELEN WENDLER DEANE 
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